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ABSTRACT
With the Wide-Field Infrared Survey Explorer (WISE), we searched for young stellar objects (YSOs) in a
100 deg2 region centered on the lightly studied Canis Major star forming region. Applying stringent magnitude
cuts to exclude the majority of extragalactic contaminants, we find 144 Class I candidates and 335 Class II
candidates. The sensitivity to Class II candidates is limited by their faintness at the distance to Canis Major
(assumed as 1000 pc). More than half the candidates (53%) are found in 16 groups of more than four members,
including four groups with more than 25 members each. The ratio of Class II to Class I objects, NII/NI, varies
from 0.4 to 8.3 in just the largest four groups. We compare our results to those obtainable with combined Two
Micron All Sky Survey (2MASS) and post-cryogenic Spitzer Space Telescope data; the latter approach recovers
missing Class II sources. Via a comparison to protostars characterized with the Herschel Space Observatory,
we propose new WISE color criteria for flat-spectrum and Class 0 protostars, finding 80 and seven of these,
respectively. The distribution of YSOs in CMa OB1 is consistent with supernova-induced star formation,
although the diverse NII/NI ratios are unexpected if this parameter traces age and the YSOs are due to the
same supernova. Less massive clouds feature largerNII/NI ratios, suggesting that initial conditions play a role
in determining this quantity.
Subject headings: circumstellar matter — infrared: stars — stars: formation — stars: protostars
1. INTRODUCTION
Using the Spitzer Space Telescope, investigators catalogued
thousands of young stellar objects (YSOs) in the nearest
kiloparsec (e.g., Evans et al. 2009; Gutermuth et al. 2009;
Churchwell et al. 2009; Rebull et al. 2010; Megeath et al.
2012; Dunham et al. 2013). Even so, the limited time avail-
able during the cryogenic mission led investigators to focus on
especially massive or nearby molecular clouds. With its all-
sky survey at 3.4, 4.6, 12, and 22 µm, the Wide-field Infrared
Survey Explorer (WISE; Wright et al. 2010) can be used to
identify young stellar objects with criteria similar to those es-
tablished for Spitzer (Koenig et al. 2012; Koenig & Leisawitz
2014) but over the entire sky. This provides the opportunity
to characterize instances of star formation outside the regions
covered by targeted modern infrared surveys. Newly identi-
fied YSOs may refine the initial stellar mass function, allow a
better characterization of star and planet formation in regions
with low initial gas densities, and identify nearby targets for
high-resolution follow-up imaging and spectroscopy.
As a pilot study for more expansive searches, we present
results here for a 100 deg2 field centered on the Canis Ma-
jor star forming region. Star formation in the vicinity of Ca-
nis Major is centered amid the CMa OB1 and CMa R1 as-
sociations, 1–2◦ below the Galactic plane near a longitude
of 224◦. Gregorio-Hetem (2008) provides a comprehensive
review of pre-WISE studies of the region. Optical images
show extensive nebulosity dominated by the large H II region
S296, which extends 200′ north to south (Sharpless 1959),
as well as S292, S297, and bright-rimmed clouds (BRC) 26
through 29 (Sugitani et al. 1991). The unusual young binary
star Z CMa, in which one component is an FU Orionis ob-
ject and the other is a Herbig star (van den Ancker et al. 2004;
Hinkley et al. 2013), lies in the southern half of S296. An-
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other FU Ori star, V900 Mon (Reipurth et al. 2012), lies in
the northwest of our search region in Lynds 1656.
Herbst & Assousa (1977) argued that star formation in
CMa R1 was induced by a supernova ∼ 5 × 105 years ago.
They reported a nearly complete ring of optical emission neb-
ulosity defined by S296 and fainter regions to the south and
east with a radius of ∼ 1.5◦. In further support of this conclu-
sion, the center of the ring is devoid of bright stars, and a run-
away star HD 54662, presumably ejected by the supernova,
lies on the northern edge of the ring. The region is home to
5× 104 M⊙ of material distributed across 22 clouds as traced
by 13CO gas (Kim et al. 2004). The cloud surface densities
range from 11 to 45 M⊙ pc−2 with a median of 21 M⊙ pc−2.
CMa OB1 is estimated to be at a distance of 990 ±
50 pc based on uvbyβ photometry of its members
(Kaltcheva & Hilditch 2008). Gregorio-Hetem (2008) recom-
mends a distance of 1000 pc, which we adopt here. There is
no comprehensive study of star formation across the region,
although Rebull et al. (2013) published a catalog of Spitzer-
identified YSO candidates in a rectangular region roughly
5′ on a side and centered on BRC 27, and Mallick et al.
(2012) used near-infrared colors to find YSOs in a 7.5′ square
field around S297. Parts of our search region, described
below, have recently been mapped by the outer Galactic
plane surveys of Spitzer and the Herschel Space Observa-
tory. Elia et al. (2013) analyzed the Herschel extended emis-
sion and point source population across the region.
Canis Major is intermediate in distance between two larger
star-forming regions, Orion (420 pc; Megeath et al. 2012) and
Carina (2.3 kpc; Smith & Brooks 2008). Star formation in
Orion may be the result of 10 to 20 supernovae over a 12 Myr
period that created the Orion / Eridanus superbubble (Bally
2008). Within the Orion A and B molecular clouds lie 3481
YSOs with infrared excesses (Megeath et al. 2016). The fila-
ment densities traced by 13CO are typically larger than those
in Canis Major, ranging from 27 to 400 M⊙ pc−2 with a me-
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dian of 85 M⊙ pc−2 (Nagahama et al. 1998). In Carina, at
2.3 kpc, supernovae have not yet disrupted the environment,
so star formation is regulated by stellar winds and ultravi-
olet radiation (Smith & Brooks 2008). The region contains
> 2 × 104 YSOs when the Spitzer infrared-detected popula-
tion, limited to intermediate-mass YSOs at this distance, is ex-
trapolated over the stellar initial mass function (Povich et al.
2011).
The YSOs we seek can be divided into classes based
on the slopes of their infrared spectral energy distributions
(SEDs). In the widely used scheme put forth by Lada
(1987), Classes I, II, and III are defined by their slopes α =
(d logλSλ) / (d logλ), where λ is the wavelength, Sλ is the
flux density at λ, and the slope is calculated between roughly
2 and 20 µm. The slope decreases with evolution from Class
I to Class III due to the reduction in circumstellar mate-
rial as a YSO approaches the main sequence. Greene et al.
(1994) added a flat-spectrum class between Classes I and II,
and Andre´ et al. (1993) added a Class 0, redder than Class
I, in which > 0.5% of the source luminosity is emitted be-
yond 350 µm. Class 0 and I sources have α ≥ 0.3, flat-
spectrum sources have −0.3 ≤ α < 0.3, Class II sources have
−1.6 ≤ α < −0.3, and Class III sources have α < −1.6
(Dunham et al. 2014). Another diagnostic is the bolomet-
ric temperature Tbol, which is the effective temperature of a
blackbody with the same flux-weighted mean frequency as the
observed SED (Myers & Ladd 1993). The temperatures 70 K,
650 K, and 2800 K are the widely adopted divisions between
Classes 0 and I, I and II, and II and III (Chen et al. 1995).
In the current study, we are limited to the WISE infrared
bands (3.4 – 22 µm). This inhibits our ability to distinguish
among Class 0, I and flat-spectrum sources, so we limit our-
selves initially to identifying potential Class I and II objects.
In addition, the relatively low sensitivity at 22 µm prevents
secure identifications of Class III sources at the distance of
the Canis Major clouds. Physically, Class I and II sources are
expected to correspond to cases in which, respectively, a dusty
protostellar envelope and a dusty circumstellar disk dominate
the infrared emission.
In this paper, Section 2 describes the data, Section 3 de-
scribes our YSO selection technique and candidate list, and
Section 4 contains an analysis of the YSO clustering prop-
erties. Section 5 shows how the results obtained with only
AllWISE data products can be augmented with data from
2MASS, the Spitzer post-cryogenic mission, and Herschel;
it includes criteria for identifying flat-spectrum and Class 0
YSOs in WISE. Section 6 discusses the ratio of Class II to
Class I YSOs in groups across CMa OB1 and compares the
groups to those in other star-forming regions, and Section 7
offers our conclusions.
2. DATA
WISE is a 40 cm telescope in low-Earth orbit that surveyed
the sky at 3.4, 4.6, 12, and 22 µm (bands W1, W2, W3, and
W4) with nominal angular resolutions in the respective bands
of 6.1′′, 6.4′′, 6.5′′, and 12.0′′ (Wright et al. 2010). The mis-
sion launched on 2009 December 14 and initially performed
an all-sky survey in all four bands. Depletion of its cryo-
gen forced the end of W4 imaging in 2010 August and the
end of W3 imaging in 2010 September. A subsequent survey
NEOWISE (Mainzer et al. 2011) continues to image the sky
in W1 and W2. The AllWISE catalog combines data from
the cryogenic and post-cryogenic phases of the initial WISE
mission, covering the approximately one-year period from
2010 January to 2011 January. It is searchable via IRSA,4
the NASA/IPAC Infrared Science Archive, and contains over
7.4× 108 objects.
We searched AllWISE in the 10◦ × 10◦ square centered at
106.67◦ right ascension and −11.29◦ declination. These are
the approximate coordinates of HD 53974 (FN CMa), a star
that is roughly at the center of the CMa OB1 association. We
used the polygon method in IRSA, which searches within the
region set off by great circles that connect the specified ver-
tices (101.67◦ and 111.67◦ in right ascension, and −16.29◦
and −6.29◦ in declination). In this case, the great circles at
the northern and southern limits of the field deviate from lines
of constant declination by up to 0.4%, and the area searched
is 98.16 square degrees, but these details do not affect the list
of YSO candidates. The left panel of Figure 1 shows a three-
color map of the region at 3.4, 12, and 22 µm created with
Montage5 from tiles in the WISE All-Sky Atlas.
In the cryogenic mission, WISE obtained four-band pho-
tometry in this region between 2010 March 29 and 2010 April
11. Additional W1 and W2 photometry was obtained dur-
ing the post-cryogenic mission, between 2010 October 7 and
2010 October 20.
3. SELECTION OF YOUNG STELLAR OBJECTS
3.1. Identifying Point Sources of Interest
The AllWISE catalog contains 2,264,279 sources in the
∼ 100 deg2 region. To eliminate the least secure point sources
without excluding likely YSOs, we make the following initial
cuts:
• We require a detection rather than an upper limit in W1
and W2. This is accomplished by requiring that the
catalog parameters w1sigmpro and w2sigmpro not be
null. This excludes 274,749 sources. A small number
of these excluded sources (92) are not upper limits; they
are sources that were nominally detected but for which
no useful brightness estimate could be made.6
• We ignore sources flagged as diffraction spikes, halos,
optical ghosts, or persistence artifacts (flags D, H , O,
or P ) in any band. This excludes 112,456 additional
sources.
• With the xscprox parameter, we exclude sources that
are within 30′′ of a 2MASS extended source. This is
intended to avoid contamination from resolved galax-
ies and excludes 1224 additional sources. The 2MASS
extended source catalog contains 2011 sources in the
field; if the exclusion zones are non-overlapping, they
cover 0.44 square degrees, or 0.45% of the field.
• To exclude any severely saturated sources, we require
W1 > 5 mag. This excludes 250 additional sources.
These steps leave 1,875,600 sources, or 83% of the origi-
nal count. In their treatment, Koenig & Leisawitz (2014) also
considered the signal-to-noise ratio and the reduced χ2 of
the profile-fit photometry measurement in each band, reject-
ing sources with χ2 larger than a band-dependent threshold
that increases with the signal-to-noise ratio. We experimented
with such cuts but found that any such cut retains problematic
4 http://irsa.ipac.caltech.edu/
5 http://montage.ipac.caltech.edu/
6 http://wise2.ipac.caltech.edu/docs/release/allsky/expsup/index.html
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Figure 1. Left: WISE map of the 10◦ × 10◦ square centered at 106.67◦ right ascension and −11.29◦ declination. Blue is 3.4 µm, green is 12 µm, and red is
22 µm. The dashed line shows b = 0◦, the dotted line shows b = −5◦, and ticks mark intervals in Galactic longitude of 2◦ as labeled. Right: The same map
with magenta dots to indicate the positions of Class I candidates, cyan dots to indicate the positions of Class II candidates, and green circles to mark groups with
more than 4 members.
sources while removing good ones. We thus avoid such cuts
at the risk of introducing some contamination.
We do not explicitly require detections in W3 and W4, al-
though all of the YSO candidates are detected in one or the
other. Of the 479 candidates in the final list, 468 are detected
in both of these bands, eight are detected only in W3, and
three are detected only in W4.
3.2. Identifying Class I and Class II Candidates
From the list generated with the selection criteria of Section
3.1, we select YSO candidates based on their W1 −W2 and
W2 −W3 colors according to a slightly modified version of
the Koenig & Leisawitz (2014) criteria, which are based on
the colors of known YSOs in Taurus, extragalactic sources,
and Galactic contaminants. The modification simplifies the
criteria while excluding a small number of sources that would
have otherwise been considered Class II. Class I YSOs satisfy
all four of the following constraints:
W2−W3 > 2.0, (1)
W2−W3 < 4.5, (2)
W1−W2 > 0.46× (W2−W3)− 0.9, and (3)
W1−W2 > −0.42× (W2−W3) + 2.2, (4)
while Class II YSOs satisfy these constraints:
W1−W2 > 0.25, (5)
W1−W2 < 0.71× (W2−W3)− 0.07, (6)
W1−W2 > −1.5× (W2−W3) + 2.1, (7)
W1−W2 > 0.46× (W2−W3)− 0.9, and (8)
W1−W2 < −0.42× (W2−W3) + 2.2. (9)
Note that both classes satisfy the criterion described by
Equations 3 and 8, while Class I and II YSOs fall on opposite
sides of the line described by Equations 4 and 9. These bound-
aries are illustrated in Figure 2, where the numbers in paren-
Figure 2. WISE W1−W2 versus W2−W3 diagram showing the bound-
aries of the Class I and Class II color spaces. Numbers indicate which of
Equations 1 through 9 correspond to each line segment; the dashed line is the
slighty different version of Equation 6 given in Koenig & Leisawitz (2014,
their Equation 17). The labels indicate where Class I and Class II YSOs are
expected to lie as well as the major contributors to the population in other re-
gions. Arrows indicate reddening vectors for, from left to right, AK = 0.4,
0.8, and 2.
theses show which line segment corresponds to each equation
above.
We do not attempt to correct the colors for reddening due to
dust along the line of sight, since, at WISE wavelengths, the
reddening vectors are small, and their directions depend on
the extinction (McClure 2009). In Figure 2, we show redden-
ing vectors for AK = 0.4, 0.8, and 2. These are derived from
the WISE extinction law published by Koenig & Leisawitz
(2014), which is based on interpolation of the McClure (2009)
analysis of Spitzer/IRS spectra. The vectors are not parallel
due to the dependence of the extinction law on AK .
Labels in Figure 2 indicate where Class I and Class II YSOs
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Figure 3. YSO mass versus W1 magnitude. From the Baraffe et al. (2015)
models, we convert absolute J magnitudes as a function of mass to apparent
J magnitudes, assuming a distance of 1000 pc. The J magnitude is then
converted to a W1 magnitude for four colors: zero for photospheres and three
additional values typical of the range for Class I and II YSOs. The vertical
lines show our cutoff of W1 = 12 mag and the implied mass limits as a
function of color (line type) and age (top and bottom panels).
are expected to lie as well as which type of object is expected
to be the main occupant of other regions of the color-color
space. “Shock emission” refers to resolved knots of shock
emission that are prominent in W2 (Gutermuth et al. 2009;
Koenig et al. 2012), while “PAH emission” refers to regions
of polycyclic aromatic hydrocarbon emission with angular
scales similar to the FWHM of the W3 point-spread function
(Koenig et al. 2012). Objects with colors slightly redder than
zero are predominantly asymptotic giant branch (AGB) stars,
but other stars with weak infrared excesses, such as classical
Be stars, lie there as well (Koenig & Leisawitz 2014). The
transition disks lie at approximately W1 −W2 = 0 mag but
over a range of W2 − W3 colors, and star-forming galax-
ies, including active galactic nuclei, lie at large W2 − W3
and small W1 −W2 due to their PAH content (Koenig et al.
2012).
There are 6662 sources with the requisite Class I colors
and 13,191 sources with the requisite Class II colors. With
the Koenig & Leisawitz (2014) version of Equation 6, there
would have been an additional 11 objects with Class II colors,
and only two of these would satisfy the magnitude require-
ments discussed below.
3.3. Filtering Likely Contaminants
Most of the sources selected by the above color criteria are
faint and uniformly distributed across the region. YSOs, how-
ever, should be clustered near the sites of their formation.
To deselect this distributed population of likely extragalac-
tic sources with YSO colors, we further make W1 and W4
magnitude cuts: W1 < 12 mag or W4 < 5 mag. Bluer YSOs
satisfy the W1 cut, while the reddest YSOs fail the W1 cut
but satisfy the W4 cut.
To establish the W1 cutoff magnitude, we considered
the distribution in W1 of presumably extragalactic sources
near the North Galactic Pole plotted by Koenig & Leisawitz
(2014). This falls off sharply as W1 goes from 13 mag to
12 mag; we chose 12 mag in the interest of keeping contam-
ination to a minimum. For the W4 cut, we calculated the
differential counts per unit 22 µm flux density per unit area of
sources with Class I colors, compared this to the same func-
tion for 24 µm extragalactic sources in the Spitzer Wide-field
Infrared Extragalactic (SWIRE) fields (Shupe et al. 2008),
and found that the Class I counts exceed the extragalactic
counts above 79 mJy (W4 = 5.0 mag).
The W1 cut comes at a cost in sensitivity to the Class II
population, as shown in Figure 3. To estimate the expected
W1 magnitudes of YSOs, we take predicted J magnitudes as
a function of stellar mass and age from Baraffe et al. (2015),
scale them to 1000 pc, and explore the range of J−W1 colors
found for Taurus YSOs (Rebull et al. 2011). For a cutoff of
W1 < 12 mag at an age of 0.5 Myr, we are sensitive only to
stellar masses > 1.0 M⊙ if J −W1 = 0 mag, > 0.47 M⊙
if J −W1 = 1 mag, and > 0.14M⊙ if J −W1 = 3 mag.
For an age of 2 Myr, the bounds for these colors change to
1.8, 1.0, and 0.24 M⊙. The mass limits are rather stringent
for sources with small J −W1, e.g., Class II YSOs, and less
important for sources with larger J−W1, e.g., Class I YSOs.
In addition to the previously mentioned cuts, we also re-
quire W1 > 6 mag to remove red giants with infrared ex-
cesses. Sources brighter than this limit tend to correspond to
previously cataloged red giant stars. Of the sources with the
requisite colors, 146 Class I and 343 Class II sources satisfy
the magnitude requirements. If the magnitude requirements
were relaxed to W1 < 13 mag or W4 < 6 mag, the counts
would have nearly doubled to 244 Class I sources and 658
Class II sources.
We visually inspected these 489 sources in WISE and
2MASS images. Candidates were classified with the follow-
ing scheme:
• yes; unambiguous detection; contamination likely in-
significant; 292 sources;
• binary; unambiguous detection; contamination from
nearby point source(s) may be significant; 96 sources;
• faint; unambiguous point source in W1 and W2; noth-
ing visible in W4; no obvious contaminants in W3 or
W4; 53 sources;
• contaminated; unambiguous point source in W1 and
W2; may be a point source in W3 and W4, but proba-
bly contaminated by nearby point source or nebulosity;
38 sources;
• no; point source not seen in any band; probably an arti-
fact but not flagged; 10 sources.
The majority of the sources (60%) have the y code and are
the most firm detections. Those with b, f, or c codes (38%)
are likely YSOs, but the photometry may be less accurate.
The two percent of sources that have code n all lack
2MASS counterparts; that is, the AllWISE catalog parame-
ter tmass key is null. Sources without a 2MASS counterpart
may be too faint at 2.2 µm and shorter wavelengths to be de-
tected by 2MASS, or they may be unflagged artifacts in the
WISE images. Of the 489 sources that remain at this step,
Figure 4 shows W1 versus W1 − W2 for the 54 that lack
2MASS counterparts. The ten sources with code n, shown
with × symbols, are almost all bright in W1 or near zero in
W1 − W2, suggesting they would have 2MASS K magni-
tudes if they were real. We thus eliminate from the catalog
sources with a null tmass key and either W1 − W2 < 0.75
mag or W1 < 10 mag. This removes nine of the ten sources
with code n and removes one additional source with code b.
We note that these criteria were motivated by inspection of
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Figure 4. WISE color-magnitude diagram showing W1 versus W1 −W2
for the 54 sources that lack 2MASS counterparts and remain after point-
source, color, and magnitude cuts. Sources marked with × symbols have n
codes from visual inspection and are suspected unflagged artifacts. Sources
marked with filled circles have other inspection codes. Those with W1 −
W2 < 0.75 mag orW1 < 10 mag are rejected on the basis that real sources
with such WISE photometry should appear in 2MASS.
sources that had already passed the other selection criteria;
modifications may be needed to cull unflagged artifacts from
more general source lists.
Table 1 lists the positions, 2MASS and WISE magnitudes
and uncertainties, YSO classifications, and visual inspection
codes of the 479 remaining candidates. The right panel of
Figure 1 shows their locations within the search field, and
Figure 5 compares their distribution on the W1 − W2 ver-
sus W2 −W3 diagram to that of all candidates that pass the
point source criteria of Section 3.1.
Well-known YSOs do not necessarily appear in the final
sample; for example, Z CMa is saturated and lacks reliable
photometry, while the recent FU Ori outburst V900 Mon has
Class I colors but is flagged as a halo artifact in all four
bands. Therefore, Table 1 should be treated as a list of WISE-
identified YSOs in the region, rather than a definitive list of
every YSO in the region.
To estimate the level of contamination by red point sources
that are not YSOs, we examined the region near Galactic lon-
gitude ℓ = 228◦, where the 12 µm map made by the In-
frared Astronomy Satellite (IRAS) shows little of the diffuse
emission associated with star formation. Since the contamina-
tion fraction may vary with Galactic latitude b, we examined
the range −6◦ < b < 3◦, representative of the range cov-
ered by the 100 deg2 search field. We constructed a series of
boxes perpendicular to the Galactic equator with centers rang-
ing from ℓ = 227.7◦ to 229.4◦ in steps of 0.1◦ and counted
the YSO candidates within them. These boxes have width
∆ℓ = 2◦ and cover the range of Galactic latitude mentioned.
With many partially overlapping boxes, we reduce the influ-
ence of the precise location of a single box on the estimated
contamination fraction. The number of Class I candidates in
each box ranges from 2 to 4, while the number of Class II
candidates ranges from 7 to 12. Rescaled from 18 deg2 to
100 deg2, this implies that there are on average 16.0 ± 5.4
Class I contaminants and 53.4± 8.1 Class II contaminants in
Figure 5. WISE color-color diagram showing the locations of Class I (red)
and Class II (cyan) YSO candidates that satisfy all criteria. The shading
indicates the distribution of objects that pass the point source criteria of Sec-
tion 3.1; the lightest boxes contain only one object, and the darkest contains
81,380 objects.
the whole field; the uncertainties are the standard deviations
in the counts from box to box. Repeating the exercise with
∆ℓ of 1.5◦ or 2.5◦ yielded counts that were well within these
uncertainties. We thus estimate that 16.0/144 = 11% of our
Class I candidates and 53.4/335 = 16% of our Class II can-
didates may be non-YSO point source contaminants.
4. PROPERTIES OF STAR-FORMING GROUPS
In this section we look at the spatial distribution of the YSO
candidates. There are a variety of methods to divide a popula-
tion of point sources into clusters (Kuhn et al. 2014), but there
is no definitive best technique (Feigelson et al. 2011). For our
YSO candidates, we investigated the single, complete, and av-
erage linkage methods for agglomerative hierarchical cluster-
ing (Everitt et al. 2011). In these cases, YSOs are combined
into progressively larger clusters, where, initially, the “clus-
ters” are the individual YSOs. At each step, the nearest two
remaining clusters are combined. After the YSOs have been
combined into a single cluster, a critical length and a mini-
mum membership number are chosen. Links longer than the
critical length are broken, and remaining clusters with at least
the minimum number of members are retained.
The methods differ in how the distance between two clus-
ters is defined. For the single, complete, and average link-
age methods, the intercluster distance is, respectively, the dis-
tance between the closest members of each cluster, the farthest
members of each cluster, and the average distance between a
member of one cluster and a member of the other. Single link-
age tends to chain together unrelated groups, complete link-
age tends to find compact clusters of equal diameter, and av-
erage linkage is intermediate to the other cases (Everitt et al.
2011).
For a given critical length, the three methods generate sim-
ilar lists of the clustered versus distributed population. They
differ in that the average and complete methods tend to break
clusters found by the single-linkage method into a few smaller
clusters. Further guidance as to which method best identi-
fies physically related clusters of YSOs would require, for ex-
ample, radial velocity data for the constituent YSOs to indi-
cate which have a common origin. For subsequent compar-
ison with the Gutermuth et al. (2009) catalog of clusters in
the nearest kpc, we adopt their approach and use the single-
6 Fischer et al.
Figure 6. The minimum spanning tree for the 479 YSO candidates, which
are marked with circles. Branches shown in red are shorter than the 330′′
critical length and connect sources that belong to the same group. The dashed
gray box indicates the region shown in Figure 23.
linkage method. We are primarily interested in a repeatable,
quantitative division of the YSOs into clusters and a dis-
tributed population, similar to what one might pick out via
visual inspection, and this approach satisfies that need.
To implement the single-linkage method, first we calcu-
late the minimum spanning tree (MST) for the population
(Gutermuth et al. 2009; Koenig et al. 2015), shown in Fig-
ure 6. The MST connects the candidates with the shortest total
distance using no closed loops. Techniques for determining
the critical length at which to break the MST into clusters vary
among authors. Saral et al. (2015) discuss how the choice of
critical length is partially dependent on the survey sensitiv-
ity and angular resolution as well as the true distribution of
YSOs, and that different choices of critical length highlight
different aspects of the clustering hierarchy in a region. Our
goal is to identify likely clusters over a large region rather
than to present a detailed analysis of the substructure. We
find that the number of clusters with more than four members
and their locations are unchanged for critical lengths ranging
from 295′′ to 371′′ (1.43 to 1.80 pc). We therefore choose the
middle of this range, 330′′ (1.6 pc) as the critical length. This
approach yields 55 clusters of at least two members; however,
we ignore the 39 with four or fewer members. These choices
avoid the unrealistic chains of objects that are a concern for
the single-linkage method.
Lada & Lada (2003) established a common definition of a
cluster as a group of 35 or more physically related stars with
a density exceeding 1.0 M⊙ pc−3. One of the clusters we
find has more than 35 candidates, and more likely do if we
account for Class II objects not detected by WISE, but given
this uncertainty, we henceforth use the term “groups” in all
cases instead of “clusters.”
Table 2 lists the properties of the 16 groups with more than
four members. We show the coordinates of the approximate
center of each group, the number of Class I and Class II can-
didates NI and NII (where NYSO = NI +NII), and the ratio
of the Class II to Class I counts. Since the number of Class II
candidates is a lower limit (Section 3.3), this ratio is also a
lower limit. We next tabulate the area A of each group, as-
Figure 23. Locations of groups (asterisks; this study) and 13CO clouds (cir-
cles; Kim et al. 2004). Groups are colored based on their ratios of Class II
sources to Class I sources. Clouds are plotted as gray circles of the areas
tabulated by Kim et al., and their line thicknesses are proportional to the log-
arithm of their enclosed masses. The dashed green circle approximates the
ring of optical and radio emission reported by Herbst & Assousa (1977). This
is a 7.5◦ × 7.5◦ cutout of the search field, as indicated in Figure 6. To facil-
itate comparison with the Kim et al. maps, a guide to Galactic coordinates is
shown, as in Figure 1.
suming a distance of 1000 pc. This is the area of the group’s
convex hull (the smallest polygon containing all members that
has all internal angles smaller than 180◦) adjusted upward
for the fraction of members that are vertices. The adjusted
area is the hull area times NYSO/Nin, where Nin is the num-
ber of members that are not vertices (Gutermuth et al. 2009;
Schmeja & Klessen 2006).
We then tabulate the surface density σ of Class I and
Class II candidates and the median separation NN2med of all
identified YSOs and of the YSOs in each class. The right
panel of Figure 1 shows the locations of the 16 larger groups
within the search field. Figures 7 through 22 show the location
of each, a close-up view of each, and a schematic showing the
local MST, the convex hull, and the locations of the Class I
and Class II candidates.
The largest groups have widely varying ratios of Class II
to Class I sources; the two largest have ratios of 0.4 and 8.3.
Figure 23 shows the locations of the groups with more than
four members, coloring them according to their Class II to
Class I ratios. It also shows the locations and sizes of the
13CO clouds tabulated by Kim et al. (2004). The area of each
circle is that listed in their Table 1, converted from pc2 to deg2
with the distances given. We do not attempt to reproduce the
shapes of the clouds. The thickness of the line marking each
circle is proportional to the logarithm of the tabulated cloud
mass, where the masses range from 230 to 23000 M⊙.
The YSO groups are generally found near the 13CO peaks.
The ten groups within half a degree of the supernova ring
(dashed green circle in Figure 23) correspond to CMa OB1
clouds tabulated in Kim et al. (2004). Elsewhere, Groups
08, 12, and 13 in the northwest correspond to clouds in
G220.8−1.7. Group 06, also in the northwest, corresponds
to the cloud BFS 64, Group 11 in the southwest corresponds
to a cloud in the southern filament of Orion, and Group 15 is
not associated with any of their clouds.
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Table 2
Properties of Groups with More Than Four Members1
ID Central Coordinates YSO Counts NII/NI A (pc2) σ (pc−2) NN2med (pc)
RA (deg) Dec (deg) Class I Class II Class I Class II All Class I Class II
00 107.43050 −10.50928 29 12 0.4 11. 2.7 1.1 0.13 0.20 0.86
01 106.10981 −11.41076 3 25 8.3 22. 0.1 1.2 0.33 2.48 0.43
02 107.02746 −10.47745 11 17 1.6 13. 0.8 1.3 0.27 0.08 0.34
03 106.30586 −10.99740 11 15 1.4 12. 0.9 1.2 0.31 0.76 0.57
04 108.56644 −12.03924 3 15 5.0 19. 0.2 0.8 0.28 2.64 0.59
05 106.32906 −12.27550 2 16 8.0 15. 0.1 1.1 0.52 2.18 0.52
06 105.21333 −8.93511 9 5 0.6 21. 0.4 0.2 0.31 0.31 1.37
07 106.36645 −10.67523 1 13 13. 4.0 0.3 3.3 0.25 · · · 0.28
08 104.28607 −8.28254 0 13 ∞ 14. 0 0.9 0.77 · · · 0.77
09 106.08324 −10.25760 5 6 1.2 6.2 0.8 1.0 0.18 0.29 0.18
10 106.14224 −10.51928 5 5 1.0 6.8 0.7 0.7 0.11 0.07 1.27
11 104.82373 −11.98775 2 7 3.5 11. 0.2 0.7 0.71 0.37 0.81
12 104.68740 −7.74870 5 1 0.2 1.4 3.6 0.7 0.16 0.19 · · ·
13 104.48487 −9.90643 1 5 5.0 8.4 0.1 0.6 0.58 · · · 0.62
14 108.38586 −12.29614 1 4 4.0 0.6 1.7 6.7 0.16 · · · 0.29
15 105.85557 −9.31867 2 3 1.5 0.6 3.2 4.8 0.15 0.15 0.37
1 Assuming a distance of 1000 pc for A, σ, and NN2med.
The four most massive clouds, all more massive than
5000 M⊙, host nine groups that contain 167 YSOs, 35% of
the total in the entire field, as well as additional YSOs that
are not counted as members of a group. Protostars tend to
be associated with massive clouds, as the three most massive
clouds, with masses exceeding 104 M⊙, host all four of the
groups with more than five Class I YSOs. The least massive
clouds typically are not associated with groups of YSOs. Of
the 23 least massive clouds, with masses under 1500M⊙ (five
of which are outside the boundaries of Fig. 23), only four lie
near YSO groups, and these YSO groups are dominated by
Class II candidates.
There are 227 YSOs outside groups of more than four mem-
bers. This population features 54 Class I sources and 173
Class II sources, for a ratio NII/NI = 3.2. This is near the
median of the group ratios, and it is larger than the ratio ob-
tained when adding up all groups, NII/NI = 162/90 = 1.8.
Myers (2012) developed a method for converting the frac-
tion of YSOs that are protostars to a group age. While several
assumptions are required to calculate absolute group ages, the
groups can be ordered by likely age from their Class II to
Class I ratios alone. Making the same assumptions as Myers
(2012), that there are as many undetected Class III YSOs as
there are detected Class II YSOs and that the mean accretion
time is 0.17 Myr, we find group ages ranging from 0.13 to
4.59 Myr, ignoring the group where there are no Class I de-
tections and, thus, the method returns an infinite age. The
median group age is 1.35 Myr. These ages increase if we ac-
count for our insensitivity to fainter Class II sources.
In CMa OB1, the groups with the smallest ratios are
roughly concentrated along the northern edge of the super-
nova ring, while those to the south have larger ratios. The
implied ages range from 0.23 to 4.59 Myr. Interpretation of
the II/I ratio as an age effect is at odds with a scenario where
a single supernova is responsible for star formation in CMa
OB1; we will explore this further in Section 6.1. We com-
pare the properties of these groups to those in the nearest kpc
analyzed by Gutermuth et al. (2009) in Section 6.2.
5. AUGMENTING WISE YSO SEARCHES WITH 2MASS, SPITZER,
AND HERSCHEL PHOTOMETRY
In this section, we show how the results of our selection
process, which uses only the AllWISE catalog, can be aug-
mented with other catalogs of infrared photometry. First, we
compare the numbers of Class I and Class II YSOs recovered
by our selection criteria to those recovered by criteria based
on 2MASS and the two shortest-wavelength Spitzer channels.
Then, we use results from the Herschel Space Observatory
to estimate the expected colors of flat-spectrum and Class 0
protostars in WISE.
5.1. Comparison of WISE and Spitzer+2MASS
Classifications in Group 00
Gutermuth et al. (2009) established a method of using pho-
tometry at J , H , K , 3.6 µm, and 4.5 µm to estimate the ex-
tinction toward YSOs and place them in Class I or II. Here we
use this method to identify and classify YSOs in Group 00,
our most populous group. This is particularly useful in esti-
mating the number of Class II YSOs missed by our AllWISE-
only search.
For the classification, we use photometry from 2MASS
and the Galactic Legacy Infrared Mid-Plane Survey Extraor-
dinaire 360 (GLIMPSE360) project (Whitney et al. 2011),
which surveyed the outer Galaxy at the 3.6 µm and 4.5 µm
wavelengths available in Spitzer’s post-cryogenic mission.
GLIMPSE360 observed a strip across our search region, par-
allel to the Galactic equator with roughly −2.3◦ < b < 0.5◦,
which contains Group 00. We use the catalog (described as
highly reliable) as opposed to the archive (described as more
complete and less reliable), and we refer to the recovered ob-
jects as S2M candidates. A thorough analysis of the Canis
Major GLIMPSE360 observations appears in M. Sewiło et al.
(in preparation), who present a method of selecting YSOs by
combining GLIMPSE360 and WISE photometry.
We refer the reader to Gutermuth et al. (2009) for the details
of the classification process and present a brief overview here.
Objects with uncertainties less than 0.1 mag in the 2MASSH
and K bands are considered. The J magnitude is also used
if its uncertainty is < 0.1 mag. The foreground extinction for
each object is determined by comparing its position in either
J−H versusH−K space orH−K versus [3.6]−[4.5] space
to a predetermined locus. The colors are then dereddened ac-
cordingly, and objects are placed on a plot of [K − [3.6]]0
versus [[3.6]− [4.5]]0, where the subscript indicates the dered-
dened color. Objects with moderately red colors are Class II,
while those with more extreme colors are Class I.
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Figure 24. Dereddened K − [3.6] versus [3.6] − [4.5] colors of the
GLIMPSE360 catalog objects in the vicinity of Group 00. Only those
with adequate 2MASS photometry for classification via the scheme of
Gutermuth et al. (2009) are shown. Gray lines mark the regions for Class
I and II objects as indicated. Purple symbols are for objects outside the YSO
loci, the 52 blue symbols are for Class II candidates, and the 11 red symbols
are for Class I candidates. The sizes of the symbols indicate the uncertainties.
Figure 24 shows the results of this process for sources with
107.21◦ < RA < 107.65◦ and −10.73◦ < Dec < −10.29◦.
All sources are included that have adequately precise 2MASS
photometry for classification. There are 11 Class I sources,
52 Class II sources, and 1197 sources with colors outside the
YSO loci. Table 3 compares the classification of sources in
Group 00 by WISE and S2M; below we discuss the table en-
tries in more detail.
5.1.1. Class I Comparison
While WISE detects 29 Class I sources in Group 00, S2M
identifies only 11. Four are common to both sets. The seven
S2M Class I sources not identified as such by WISE are a
heterogeneous group. Two are WISE Class II sources. The
other five are not identified as YSOs: One falls in the region
of Figure 2 labeled “shock emission,” three are in the Class I
locus but are rejected due to contamination or xscprox flags,
and one is undetected by WISE, likely due to confusion with
a nearby source.
We conclude that the S2M method detects between one and
four Class I candidates missed by WISE: the one that is un-
detected by WISE due to confusion plus up to three that are
in the WISE Class I locus but rejected due to flags. Thus,
WISE detects 29 of between 30 and 33 Class I sources in the
combined sample, or 88 to 97% of them.
Of the 25 WISE Class I candidates not classified as such
by S2M, one is in the middle of two S2M sources separated
by 10′′, while the other 24 appear upon visual inspection to
be point sources or, in three cases, close blends. Due to
insufficient or insufficiently precise 2MASS or Spitzer pho-
tometry, these are not counted as Class I sources by the
Gutermuth et al. (2009) method, but the existing S2M colors
are not inconsistent with those of YSOs; see Section 5.1.3.
If we allow 2MASS photometry with uncertainties up to 0.2
mag instead of 0.1 mag, the number of the 29 WISE Class I
sources classified as such by S2M increases from four to nine.
Table 3
WISE and Spitzer+2MASS (S2M) YSO Counts in Group 00
S2M S2M Not a S2M Total
Class I Class II YSO
WISE Class I 4 0 25 29
WISE Class II 2 7 3 12
Not a WISE YSO 5 39 · · · · · ·
Total 11 461 · · · · · ·
1 Six sources are excluded that have the requisite colors but are further than
330′′ from Group 00 members.
5.1.2. Class II Comparison
While our WISE criteria identify 12 Class II sources in
Group 00, the S2M criteria identify 52 Class II sources in
the search region. Because the search box extends beyond the
WISE-identified objects, some S2M Class II candidates on
the outskirts of the search box are likely not cluster members.
We recalculated the MST for the combined WISE and S2M
samples of both classes and excluded the six S2M candidates
(all Class II) that are separated from the cluster by more than
330′′. This leaves 46 S2M Class II candidates.
Seven Class II sources are common to both sets, while 39
S2M Class II sources are not identified as such by WISE. Five
of the 39 are outside the WISE YSO loci, with W1 − W2
colors typical of Class II or borderline Class I/II sources but
W2 − W3 colors that are too small. Two of these pass our
point source criteria, while the other three have contaminant
flags. Four of the 39 are not in the AllWISE catalog; visual in-
spection suggests this is due to blending with nearby, brighter
point sources. The other 30 of the 39 are in the WISE Class II
color space. Of these, two have xscprox flags, two have con-
taminant flags, 14 fail the magnitude criteria, and 12 fail the
magnitude criteria and have contaminant flags.
The large number of sources that have Class II colors in
both sets but are too faint for our WISE criteria suggests that
an iterative method, where the magnitude cutoffs designed
to exclude extragalactic sources are relaxed in the vicinity of
an identified YSO cluster, may be useful in recovering more
of the YSO population with WISE. Indeed, relaxing the W1
cutoff to 13 mag instead of 12 mag increases the number of
sources common to both Class II catalogs from 7 to 18. We
leave this approach for future work.
In Group 00, we conclude that S2M detects at least 18
Class II candidates missed by WISE: the four that are not in
the AllWISE catalog due to blending plus 14 that are in the
WISE Class II locus but fail the magnitude criteria. Up to
16 additional sources that are in the WISE Class II locus but
are rejected due to flags may also belong on this list. Thus,
WISE detects 12 of between 30 and 46 Class II sources in the
combined sample, or 26 to 40% of them.
Of the five WISE Class II candidates not classified as such
by S2M, two have Class I colors. Of the remaining three, one
is outside the YSO color spaces, and two are in Class II color
space but lack sufficiently precise 2MASS data to be classified
as such.
5.1.3. Summary
We conclude that, in Group 00, WISE colors are sufficient
to identify nearly all the Class I sources accessible to the com-
bined powers of WISE, post-cryogenic Spitzer, and 2MASS,
while WISE identifies fewer than half of the Class II sources
in such a sample. This is consistent with the expectations
set forth in Section 3.3 based on the models of Baraffe et al.
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Figure 25. Observed 3.6 µm magnitude versus the [3.6]− [4.5] color of all
sources in the vicinity of Group 00 with Spitzer uncertainties < 0.1 mag and
without regard to the quality of the 2MASS detection. Sources classified in
Figure 24 are shown with the same color scheme as before. Sources with
insufficent 2MASS photometry for classification via the Gutermuth et al.
(2009) method are shown with salmon × symbols if they are Class I via
WISE, light blue × symbols if they are Class II via WISE, and gray if they
are not classified as YSOs by our WISE criteria.
(2015). Of the two methods considered, and at a distance of
1000 pc, the combination of GLIMPSE360 and 2MASS is
best for finding Class II sources, while WISE is best for find-
ing Class I sources.
In Figure 25, we consider the potential to identify Class I
YSOs with post-cryogenic Spitzer data alone. It plots the
GLIMPSE360 3.6 µm magnitude versus the [3.6] − [4.5]
color of all sources near Group 00 with Spitzer uncertainties
< 0.1 mag, regardless of the quality of the 2MASS detec-
tion. Magenta, red, and blue symbols mark the sources pre-
viously classified in Figure 24. Crosses mark sources that
lack sufficiently precise 2MASS data for classification by
the Gutermuth et al. (2009) method but are placed in Class I
(salmon) or Class II (light blue) by WISE. While there are few
such Class II sources, there are many Class I sources. With-
out supplemental data from other surveys, two-band post-
cryogenic Spitzer data are insufficient to identify Class I
sources unambiguously, but this analysis suggests that sources
in known star-forming regions with [3.6] < 12.5 mag and
[3.6]− [4.5] > 1 mag are good candidates.
5.2. Calibrating WISE Flat-Spectrum and Class 0 Colors
with the Herschel Orion Protostar Survey
Our initial WISE selection criteria do not identify flat-
spectrum or Class 0 protostars. Flat-spectrum sources are
known as such due to their near-zero spectral slopes, interme-
diate to those of Class I and Class II objects. Identifying these
for follow-up study is important, since their nature is not en-
tirely clear (Dunham et al. 2014). They may represent an evo-
lutionarily homogeneous transition from envelope-embedded
to disk-dominated systems, or they may represent systems
with a range of evolutionary states but combinations of incli-
nation, foreground reddening, and envelope density that yield
flat SEDs (Furlan et al. 2016).
The Class 0 protostars are defined in part by their far-IR to
submillimeter SEDs, in which more than 0.5% of the source
luminosity is emitted beyond 350 µm (Andre´ et al. 1993).
This observational class is expected to correspond roughly to
a physical stage where more than half of the final mass of the
star still resides in the envelope (Dunham et al. 2014). With
photometry only at wavelengths ≤ 22 µm, it is expected to
be difficult to detect Class 0 protostars in WISE and to distin-
guish them from Class I protostars, but placing a lower limit
on the number of especially young protostars outside the well
known molecular clouds would constrain the importance of
isolated modes of star formation.
To estimate the number of flat-spectrum and Class 0 pro-
tostars among our Canis Major candidates, we used the well
characterized protostars of HOPS, the Herschel Orion Proto-
star Survey (Stutz et al. 2013; Manoj et al. 2013; Furlan et al.
2016), to explore where Class 0, Class I, and flat-spectrum
protostars lie in WISE color-color diagrams. HOPS was a
Herschel key program that acquired 50–200 µm spectroscopy
and 70 and 160 µm imaging of Spitzer-identified protostars
in the Orion A and B molecular clouds, home to the largest
population of protostars in the nearest 500 pc (Megeath et al.
2012). As such, the HOPS sample is ideal for calibrating the
expected characteristics of protostellar candidates in other re-
gions.
After removing likely extragalactic contaminants and ob-
jects with poorly sampled far-IR photometry, Furlan et al.
(2016) selected 330 HOPS targets for further study. They con-
structed the 1 to 870 µm SEDs of the targets with photometry
and spectra from 2MASS, Spitzer, Herschel, and the Atacama
Pathfinder Experiment (APEX). Using bolometric tempera-
tures and mid-IR SED slopes, they identified 92 Class 0 pro-
tostars, 125 Class I protostars, 102 flat-spectrum protostars,
and 11 Class II objects in this sample.
To get WISE photometry for these sources, we searched
AllWISE for the closest match to each Spitzer position. For
236 of 330 sources, there was a match within 1′′; these were
automatically paired with their Spitzer counterparts. For 32
sources, there was no match within 10′′; these were automat-
ically rejected from further analysis. We manually inspected
the remaining 62 sources at intermediate separations. In these
cases, the larger offset was due either to scattered light from
the Spitzer point source or to a blend in WISE of two or more
distinct Spitzer sources. We retained the 46 matches where
the bulk of the WISE flux was judged to be due to the Spitzer
source in question (all with separations less than 7′′) and re-
jected the other 16.
Of the 282 Spitzer sources with WISE counterparts, 173
survived the WISE point-source quality cuts described in Sec-
tion 3.1; i.e., they were detected in Bands 1 and 2 and not
flagged as artifacts or extended sources. Nearly all of the 109
rejected sources had extended emission or Band 3 or 4 artifact
flags, likely due to the copious background in some parts of
Orion. The 173 valid matches include 32 of 92 Class 0 sources
(35%), 72 of 125 Class I sources (58%), 60 of 102 flat-
spectrum sources (59%), and 9 of 11 Class II sources (81%).
The increase in the percentage from Class 0 to Class I and flat-
spectrum sources supports our earlier conjecture that WISE
is more effective in detecting more evolved protostars. Fig-
ure 26 shows these 173 HOPS sources on a WISE W1−W2
versusW2−W3 diagram, and Table 4 shows how the HOPS
classifications correspond to the WISE classifications.
In general, the HOPS classifications, which are based on
the full 1 to 870 µm SEDs, agree well with the WISE classi-
fications based only on 3.4 to 22 µm photometry. Of the 173
WISE counterparts that pass the point source criteria, the ma-
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Figure 26. W1−W2 versusW2−W3 colors of WISE counterparts to 173
HOPS sources that pass the point source criteria. As indicated in the legend,
symbol color indicates the YSO class determined from analysis of 2MASS,
Spitzer, Herschel, and APEX data (Furlan et al. 2016). Sources marked with
+ signs satisfy our magnitude cuts, while those marked with ◦ signs do not.
Solid black lines mark the regions for WISE Class I (upper) and Class II
(lower) candidates. The dashed line marks our proposed boundary between
flat-spectrum and Class I YSOs.
Table 4
WISE Classification of Herschel Orion Protostars1
HOPS Class
0 I Flat II
WISE Class I 6 (6) 51 (6) 39 (8) 1 (1)
WISE Class II 0 (0) 1 (3) 10 (0) 6 (0)
W2−W3 too small2 8 (10) 1 (2) 0 (3) 1 (0)
W2−W3 too large2 1 (1) 3 (5) 0 (0) 0 (0)
Fails Point Source Criteria 29 42 36 2
No AllWISE Counterpart 31 11 6 0
Total 92 125 102 11
1 The first four rows tabulate HOPS sources with valid WISE counterparts.
Counts outside parentheses are of sources that satisfy the WISE magnitude
criteria, while counts inside parentheses are of those that do not.
2 These would not be classified as YSOs by our WISE-only criteria, as they
fall outside the requisite parts of the color-color space.
jority are identified as YSOs in WISE, where 138 (80%) lie in
the WISE Class I or Class II loci, and 114 (66%) lie in these
loci and pass the magnitude tests. Comparing classes directly
and ignoring magnitude cuts, 80% of the HOPS sources in
the WISE Class II locus are Class II or flat-spectrum sources,
and 98% of the HOPS sources in the WISE Class I locus are
flat-spectrum, Class I, or Class 0 protostars.
5.2.1. Flat-Spectrum Sources
Within the WISE Class I locus, the flat-spectrum HOPS
sources (light blue symbols in Figure 26) are concentrated to-
ward smaller colors. We suggest a division in the W1 −W2
versus W2 − W3 color space between flat-spectrum and
Class I protostars. This is shown as the dashed line in Fig-
ure 26; flat-spectrum sources typically have
W1−W2 < −1.1× (W2−W3) + 5. (10)
Including only sources that satisfy the magnitude cuts and
would thus be counted as WISE YSOs, 51 of the 56 HOPS
sources above this line in the Class I locus (91%) are Class
0 or I, and the rest are flat-spectrum. Of the 41 HOPS
sources below this line in the Class I locus, 34 (83%) are flat-
spectrum, and the rest are Class 0, I, or II. Of the 144 WISE
Class I candidates in Canis Major, 80 (56%) are likely flat-
spectrum protostars according to Equation 10.
Figure 27. Circles show W2 − W3 versus W3 − W4 colors of WISE
counterparts to 173 HOPS sources that pass the point source criteria. As in the
previous figure, symbol color indicates the class determined for each object
by Furlan et al. (2016). HOPS sources below and to the right of the dashed
line are almost exclusively of Class 0. Asterisks show 14 WISE sources in
Canis Major that have colors consistent with our proposed Class 0 criteria.
Black symbols represent the seven most likely Class 0 candidates, while gray
symbols are likely to have their colors affected by nearby sources that are
bright in W4. The tiny arrows in the upper right corner of the plot indicate
reddening vectors for, from left to right, AK = 0.4, 0.8, and 2.
5.2.2. Class 0 Sources
In Figure 26, the HOPS Class 0 protostars (red symbols)
show a range of W2−W3 colors; the majority lie outside the
Class I and Class II color spaces. Scattered light from outflow
cavities or shock-excited H2 emission may enhance the W2
fluxes (Tobin et al. 2007), and deep 10 µm silicate features in
typical Class 0 sources may extinguish the W3 fluxes relative
to those of Class I sources. Both of these effects would yield
small or possibly negativeW2−W3 colors.
In the W1 − W2 versus W2 − W3 color space, almost
all HOPS Class 0 sources either overlap with HOPS Class I
YSOs or lie in a part of color-color space typical of shock
emission. To better identify Class 0 candidates in Canis Ma-
jor, we instead look at the W2−W3 versus W3−W4 color
space in Figure 27. Here we can draw a line between a region
consisting predominantly of Class I, flat, and Class II sources
and a region consisting predominantly of Class 0 sources. The
Class 0 region is described as
W2−W3 < 1.8× (W3−W4)− 6.5. (11)
In this region, 19 of 22 HOPS targets (86%) are of Class 0.
On the other side of the line, only 13 of 151 HOPS targets
(9%) are of Class 0.
We add one more requirement, motivated by the location of
the HOPS Class 0 sources in Figure 26, that WISE Class 0
candidates have
W1−W2 > 1. (12)
The fourteen sources in Canis Major that meet all point source
criteria, the magnitude criteria discussed above, and the two
criteria in this section are plotted as asterisks in Figure 27.
These were not necessarily identified as YSO candidates in
previous steps.
A potential problem with using W3−W4 colors in the se-
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lection criteria is that, due to the larger W4 beam, sources
with clean detections in the shortest three bands can have ar-
tificially elevated W4 photometry due to contamination by a
nearby bright source. To exclude catalog detections with in-
flated band 4 photometry, we visually inspected W4 images
of all 14 candidates, rejecting those where there was no ob-
vious point source in band 4, but there was one nearby. The
rejected sources were all within 48′′ of another source with at
least twice as much W4 flux, while the accepted sources had
no such bright sources within this radius. This would be an
appropriate criterion for automatic inspection of W4 sources.
Seven of the 14 candidates, shown in black in Figure 27, sur-
vived this process.
Figure 28 shows images and SEDs of the seven Class 0 can-
didates, and Table 5 lists their AllWISE identifiers and other
properties. While four of the sources have no counterpart in
SIMBAD, one source has an IRAS designation, and one, LDN
1657A-1, was identified as a star-forming core by Linz et al.
(2010). Three of the candidates are in Group 00, one is in
Group 02, one is in Group 05, and the other two are not con-
nected to any group. They are close to molecular clouds found
by Kim et al. (2004); they are all on or within those authors’
13CO contours at 1 K km s−1. Two of them are classified
as Class I sources in the W1 −W2 versus W2 −W3 color
space, while the other five are in the region labeled “Shock
Emission” in Figure 2.
The far-infrared flux densities in the SEDs come from three
compilations. For the five sources between declinations −10◦
and −12◦, Herschel data, obtained as part of the Hi-GAL
key program (Molinari et al. 2012), are taken from Elia et al.
(2013). The photometry of LDN 1657A-1 is taken from
Ragan et al. (2012), which reported results from the Herschel
EPoS key program. The northernmost source does not ap-
pear to have been observed by Herschel, but it is in the IRAS
point source catalog. We plot its IRAS flux densities at 60 and
100 µm.
With the combined WISE and far-infrared data, we calcu-
late the bolometric luminosity (Lbol), submillimeter luminos-
ity (Lsmm), and bolometric temperature (Tbol) of each source.
These properties are less certain for sources that lack the full
complement of long-wavelength photometry or that may be
affected by blending with nearby sources. The submillimeter
luminosity is derived from photometry at 350 µm and longer,
for consistency with Andre´ et al. (2000) and subsequent au-
thors. At least one of the 350 and 500 µm points must be
available to calculate this quantity. Given these caveats, the
classifications based on the full SEDs (discussed in the Intro-
duction) are in good agreement with the WISE classifications.
All of the WISE Class 0 candidates with the requisite data are
also Class 0 by the submillimeter luminosity ratio, and six
of the seven candidates are Class 0 by bolometric tempera-
ture. The other, LDN 1657A-1, is Class I, but it lies not far
above the Class 0/I boundary of 70 K. Elia et al. (2013) and
Ragan et al. (2012) fit modified blackbody functions to the six
sources observed with Herschel. They found properties typ-
ical of cold, young YSOs that are consistent with what we
obtain from direct integration of the SEDs.
Given that 34% (31/92) of the Orion Class 0 protostars
have no counterpart in AllWISE, the WISE-based criteria pre-
sented here are unlikely to select the full Class 0 population
in a star-forming region. They are likely, however, to effec-
tively identify a subsample of sources for targeted far-infrared
or submillimeter follow-up.
Figure 28. Left: WISE images of the Class 0 candidates marked with black
symbols in Figure 27. Blue is 3.4 µm, green is 12 µm, and red is 22 µm.
The stretch in each band is from the minimum to the 95th percentile. Their
AllWISE positions are indicated by + signs. Right: SEDs of the sources.
Blue symbols are for WISE data (∇: upper limit); red symbols are for Her-
schel (+) or IRAS (×) data. Candidates are presented in the order given in
Table 5.
6. DISCUSSION
6.1. The Diversity of Class II to Class I Ratios in CMa OB1
As discussed in the introduction, Canis Major contains a
canonical example of star formation suspected to be induced
by a supernova (Herbst & Assousa 1977). The ring of optical
and radio emission described in that work coincides with the
largest YSO groups we find in our search (Figure 22), and
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Table 5
Class 0 Candidates in CMa1
WISE ID Other ID Group RA (deg) Dec (deg) W1/W2/W3 Lbol Lsmm Lsmm/Lbol Tbol Tbol
Class (L⊙) (L⊙) Class (K) Class
J065719.54−084249.1 IRAS 06459−0838 · · · 104.33143 −8.71367 · · · 4.2 · · · · · · 68.6 0
J071005.46−103110.6 · · · 00 107.52275 −10.51964 · · · 48.4 2.2 0 37.1 0
J070957.52−103127.1 · · · 00 107.48969 −10.52421 I 9.6 0.2 0 48.2 0
J070830.08−103221.9 · · · 02 107.12535 −10.53942 · · · 60.1 1.3 0 45.2 0
J070927.71−102922.3 · · · 00 107.36546 −10.48954 I 15.8 2.3 0 55.6 0
J071226.53−112021.1 · · · · · · 108.11056 −11.33920 · · · 9.3 0.2 0 58.0 0
J070457.14−121656.9 LDN 1657A-1 05 106.23811 −12.28248 · · · 1.5 · · · · · · 99.5 I
1 Luminosities assume a distance of 1000 pc.
there are relatively few isolated YSOs, all of Class II, near the
center of the ring.
If the Class II to Class I ratio is a proxy for group age, the
diversity of ratios in the groups around the ring is puzzling.
Naively, one would expect the groups at a given distance from
the explosion to be of similar age. Group 00 on the north side
of the ring contains the most Class I sources of any group,
while Groups 04 and 05, to the southeast and southwest, are
dominated by Class II sources. The bright background due
to S296 along the western side of the ring may decrease our
sensitivity to Class I sources there, but this cannot be the case
in the darker regions on the eastern side.
Variables other than age may play a role in determining
the Class II to Class I ratio. We find that, around the super-
nova remnant, the Class II to Class I ratio is inversely corre-
lated with the cloud masses tabulated by Kim et al. (2004).
The clouds on the north of the ring, where there are five
groups with NII/NI < 2, have masses of 1.2 × 104 M⊙ and
1.6 × 104 M⊙. The cloud to the southeast is an intermediate
case, where the cloud mass is 7500 M⊙ and NII/NI for the
associated groups are 4.0 and 5.0. The clouds to the south-
west have masses less than 1000 M⊙, and the two groups
there have NII/NI of 8.0 and 8.3. These exact results depend
on the assumptions we made in dividing the YSOs into groups
(Section 4), but the broad trend of larger Class II ratios asso-
ciated with less massive clouds will hold for other clustering
schemes.
It is unclear whether such a trend exists for groups and
clouds outside CMa OB1 and the supernova remnant, due
to the small number of YSO groups that are associated with
clouds in G220.8−1.7 and the other complexes. We note that
the BFS 64 cloud, which appears to host our Group 06, is
tentatively placed at 3.2 kpc by Kim et al. (2004), a factor of
three larger than other clouds in the search field, although they
discuss ambiguities in this result. The published mass of the
cloud and the fraction of each YSO class recovered by WISE
depend on distance, so these quantities have additional uncer-
tainties in this part of the search region.
6.2. Comparison of the Canis Major Groups to Other
Star-Forming Regions
To place the groups identified in Section 4 in the context of
others that have been studied in depth, we compare their prop-
erties to those tabulated by Gutermuth et al. (2009) in their
Spitzer survey of 36 young stellar clusters within 1 kpc of
the Sun. Gutermuth et al. characterize both clusters and cores
within the clusters. The projected areas and source separa-
tions of our groups more closely resemble those of the clus-
ters, not the cores, so we make comparisons with the former.
Table 6 shows the median YSO, Class I, and Class II counts,
the median Class II to Class I ratio, and the median area, YSO
surface density, and nearest-neighbor distance for the Canis
Major groups and the Gutermuth et al. (2009) clusters. It also
tabulates the Kolmogorov-Smirnov (KS) probability that the
Canis Major and Gutermuth et al. samples are drawn from the
same underlying distribution. There are, broadly speaking,
fewer detected members separated by greater distances in the
Canis Major groups than in major clusters within 1 kpc.
The fourth through seventh columns of Table 6 address how
the group properties change if, due to the incompleteness of
WISE to Class II YSOs at 1 kpc (Sections 3.3 and 5.1), we
assume that the actual population of Class II YSOs in each
group is twice or four times that detected. The median Class I
counts are obviously unchanged, the median Class II counts
double or quadruple as expected, and the median total YSO
counts increase by 86% and 271%. The median ratios of
Class II to Class I YSOs double and quadruple, as expected.
To check the effect of these corrections on the group area,
surface density of YSOs, and the median separation of YSOs,
we examined randomly generated groups. For each observed
group, we generated 1000 groups with YSOs equal in number
to the observed one but randomly distributed in space, cal-
culated their areas and median separations, and then doubled
and quadrupled the number of Class II sources. These new
sources were randomly distributed in a circle centered at the
mean group position and having the same area as the original
group. The areas remained approximately the same, changing
by up to 10% in the smallest groups due to significant changes
in the number and location of vertices. The median separa-
tions decreased by up to 32% in the doubling case and by
up to 54% in the quadrupling case, with the largest fractional
decreases for the groups with the largest Class II to Class I
ratios.
With these corrections for missing Class II YSOs, the 16
Canis Major groups remain less populated and more diffuse
than the 36 nearby Gutermuth et al. (2009) clusters. However,
some of the KS probabilities exceed 10%, namely theNII/NI
ratio in the doubling case and the YSO and Class II counts in
the quadrupling case. This suggests that the undercounting of
Class II YSOs by WISE at 1 kpc is partially responsible for
the observed differences from nearby clusters.
We performed a similar comparison to the Orion groups
and clusters tabulated by Megeath et al. (2016). We consid-
ered the properties of 21 Orion groups and clusters after a
correction for incompleteness, and we compared them to our
16 groups of more than four members after the correction for
missing Class II YSOs. Three of the Orion clusters (the Orion
Nebula Cluster, NGC 2024, and NGC 2068/2071) have hun-
dreds to thousands of YSOs and are much larger than anything
in Canis Major.
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Table 6
Median Properties of Groups with More Than Four Members
Property Raw NII Doubled1 NII Quadrupled1 G092
CMa log(KS Prob.)3 CMa log(KS Prob.)3 CMa log(KS Prob.)3
NYSO 14 −4.5 26 −1.8 52 −0.6 49
NI 3 −2.0 3 −2.0 3 −2.0 10
NII 12 −5.5 24 −2.3 48 −0.5 41
NII/NI 1.6 −2.0 3.1 −0.4 6.2 −1.4 3.8
A (pc2) 11. −1.8 11. −1.3 11. −1.6 5.3
σ (pc−2) 1.8 −5.7 2.9 −4.4 4.8 −2.6 13
NN2med (pc) 0.28 −5.8 0.21 −4.5 0.16 −2.2 0.089
1 Results if each CMa group contains a population of randomly distributed, undetected Class II YSOs such that NII is two or four times that observed.
2 Median properties of the 36 clusters in Gutermuth et al. (2009).
3 Logarithm of the probability that the CMa properties are drawn from the same underlying distribution as the Gutermuth et al. (2009) properties.
With the doubled Class II counts in Canis Major, the re-
maining, smaller groups and clusters in Orion have YSO
counts of similar magnitude to those of the Canis Major
groups. The median Orion group has 37 members versus 26
members for Canis Major (KS probability 0.11). The Orion
groups are more compact, however, with median area and
density of 1.8 pc2 and 21 YSO pc−2 compared to 11 pc2 and
2.9 YSO pc−2 for Canis Major. The KS probabilities that the
areas and densities of the groups are drawn from the same dis-
tributions are 3.7×10−3 and 4.2×10−7. With the quadrupled
Class II counts in Canis Major, the median group has 52 mem-
bers (KS probability 0.78), and the median area and density
are 11 pc2 and 4.8 YSO pc−2 (KS probabilities 1.2 × 10−3
and 3.5×10−6). Different YSO and group identification tech-
niques clearly need to be accounted for in this comparison, but
a thorough analysis is beyond the scope of this discussion.
Smith et al. (2010) looked at the clustering properties in Ca-
rina, at 2.3 kpc. They identified 16 clusters in the central part
of this massive star forming region with between six and 104
YSOs. The median number of YSOs is 16. Except for the
largest cluster (the Treasure Chest), the distribution of cluster
sizes is similar to that of Canis Major. The median number
of YSOs in the Canis Major clusters before the correction for
missing Class II sources is 14, and the KS probability that
the cluster sizes in Carina and Canis Major are drawn from
the same distribution is 0.91. As in Canis Major, the Carina
counts are affected by the insensitivity of the respective de-
tectors to lower-mass YSOs at the distance of the region.
7. CONCLUSIONS
With the AllWISE database, we used color and magnitude
cuts to identify 479 YSOs in a 10◦ × 10◦ region centered on
the Canis Major star-forming region. These are divided into
Class I and Class II YSOs, of which there are 144 and 335,
respectively. At the adopted distance of 1000 pc, the crite-
ria are sensitive to Class I YSOs down to ∼ 0.2 M⊙ and to
Class II YSOs, with their fainter mid-IR photometry, down
to ∼ 0.5 M⊙. Thus, we expect the number of Class II non-
detections to be significant. Applying the search criteria to
adjacent regions that are expected to be devoid of star for-
mation, we estimate that 11% of our Class I candidates and
16% of our Class II candidates may be non-YSO point source
contaminants.
We calculated the minimum spanning tree of the YSO dis-
tribution and concluded that there are 16 groups with more
than four members. Of the 479 YSOs, 53% are in such
groups. The groups have a wide range of Class II to Class I
ratios. These range from 0.4 to 8.3 among groups with more
than 25 members and extend to more extreme values among
the smaller groups. The groups are generally aligned with
the locations of 13CO clouds mapped by Kim et al. (2004),
and more massive clouds tend to be aligned with more heav-
ily populated groups with small Class II to Class I ratios. In
CMa OB1, the groups with the smallest ratios are roughly
concentrated along the northern edge of the supernova rem-
nant, while those with larger ratios are in the southeast and
southwest.
We examined the results from our WISE selection pro-
cess in light of data sets from 2MASS, Spitzer, and Her-
schel. At the distance of Canis Major, WISE recovers es-
sentially all of the Class I population that is accessible to
WISE, 2MASS, and post-cryogenic Spitzer. The latter two
facilities are useful in recovering the Class II population more
completely than WISE can, alone. Using the well char-
acterized Orion protostars as a training set, we determined
where flat-spectrum and Class 0 protostars lie in WISE color-
color spaces. Sources identified as WISE protostars that have
W1 −W2 < −1.1 × (W2 −W3) + 5 are likely to be flat-
spectrum sources. Eighty of the 144 Class I candidates fall in
this flat-spectrum locus.
In theW1−W2 versusW2−W3 diagram, the majority of
the Orion Class 0 protostars have similar W1−W2 colors but
bluer W2 −W3 colors than the Koenig & Leisawitz (2014)
Class I locus. TheW2−W3 versus W3−W4 diagram cou-
pled with a manual or automated check forW4 contamination
is more effective in separating Class I and Class 0 protostars.
Sources with W2−W3 < 1.8× (W3−W4)−6.5 are likely
to be of Class 0. Seven of the Canis Major sources in this
range appear to be Class 0 protostars suitable for follow-up at
higher angular resolution.
The distribution of YSOs and groups in the central
part of the search field is consistent with the claim by
Herbst & Assousa (1977) that star formation there was in-
duced by a supernova; however, the range in Class II to Class I
ratios of these groups is surprising if they are all of the same
age. In this region, the Class II to Class I ratio is inversely
correlated with the cloud mass measured by Kim et al. (2004),
suggesting that initial conditions may be an important factor
in the ratio distribution.
The groups are less populous and more diffuse than those
characterized by Gutermuth et al. (2009) in the nearest 1 kpc;
this may be in part due to undercounting with this com-
bination of angular resolution, sensitivity, and distance. If
we assume that only half the Class II population is de-
tected, the Class II to Class I ratios are consistent with
being drawn from the same underlying distribution as the
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Gutermuth et al. sample. If we assume that only one quarter
of the Class II population is detected, the YSO and Class II
counts would closely resemble those of the Gutermuth et al.
clusters. The groups have similar membership counts to the
smaller groups and clusters in Orion (Megeath et al. 2016)
and Carina (Smith et al. 2010), but they are more spread out
than the Orion groups.
Optical and near-infrared spectra of approximately 40 can-
didates in four of the largest groups have recently been ac-
quired. In a future publication, we will use these spectra to
confirm or reject the YSO classifications and, when possible,
to estimate spectral types and accretion rates.
The WISE mid-IR all-sky survey is effective in uncovering
instances of low-mass star formation away from the well stud-
ied molecular clouds. At a distance of 1000 pc, Class II YSOs
less massive than ∼ 0.5M⊙ go undetected, but Class I and II
detections are sufficient to give an overview of the broad pic-
ture of low-mass star formation across tens of square degrees.
This publication makes use of data products from the Wide-
field Infrared Survey Explorer, which is a joint project of the
University of California, Los Angeles, and the Jet Propulsion
Laboratory/California Institute of Technology, funded by the
National Aeronautics and Space Administration (NASA). The
work of WJF and MS was supported by appointments to the
NASA Postdoctoral Program at Goddard Space Flight Cen-
ter. This research made use of Montage, which is funded by
the National Science Foundation under Grant Number ACI-
1440620, and was previously funded by NASA’s Earth Sci-
ence Technology Office, Computation Technologies Project,
under Cooperative Agreement Number NCC5-626 between
NASA and the California Institute of Technology.
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Figure 7. Group 00. Left: WISE map of the full 100 deg2 region, where blue is 3.4 µm, green is 12 µm, red is 22 µm, and the circle shows the location of
the group. Center: A closer look at the group, with the same assignment of color to wavelength. At a distance of 1000 pc, the image is 7.6 pc wide. Right: A
schematic view at the same scale as the previous panel. Red circles indicate Class I candidates; blue circles indicate Class II candidates. The minimum spanning
tree is shown with dotted lines, and the convex hull for the group is shown with a thin solid line.
Figure 8. Group 01. See the caption to Figure 7 for details.
Figure 9. Group 02. See the caption to Figure 7 for details.
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Figure 10. Group 03. See the caption to Figure 7 for details.
Figure 11. Group 04. See the caption to Figure 7 for details.
Figure 12. Group 05. See the caption to Figure 7 for details.
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Figure 13. Group 06. See the caption to Figure 7 for details.
Figure 14. Group 07. See the caption to Figure 7 for details.
Figure 15. Group 08. See the caption to Figure 7 for details.
18 Fischer et al.
Figure 16. Group 09. See the caption to Figure 7 for details.
Figure 17. Group 10. See the caption to Figure 7 for details.
Figure 18. Group 11. See the caption to Figure 7 for details.
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Figure 19. Group 12. See the caption to Figure 7 for details.
Figure 20. Group 13. See the caption to Figure 7 for details.
Figure 21. Group 14. See the caption to Figure 7 for details.
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Figure 22. Group 15. See the caption to Figure 7 for details.
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Table 1
WISE YSO Candidates1
WISE ID Coordinates J σJ H σH K σK W1 σW1 W2 σW2 W3 σW3 W4 σW4 Class Code2
RA (deg) Dec (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J064700.24−095944.9 101.75103 −9.99581 16.015 0.075 14.719 0.056 13.509 0.038 11.766 0.023 10.657 0.021 7.703 0.018 5.348 0.036 I y
J064754.32−132823.5 101.97637 −13.47320 14.560 0.035 13.826 0.036 12.813 0.027 11.259 0.022 10.317 0.018 7.381 0.016 5.609 0.035 II y
J064949.68−075032.8 102.45701 −7.84245 14.635 0.043 13.326 0.040 12.320 0.033 11.215 0.023 10.461 0.019 8.630 0.026 6.724 0.070 II y
J064958.55−073852.2 102.49397 −7.64784 11.233 0.027 10.315 0.026 9.416 0.023 8.119 0.022 7.376 0.019 4.329 0.015 2.244 0.020 II y
J065001.72−111814.1 102.50718 −11.30393 12.594 0.024 11.531 0.024 10.283 0.019 8.208 0.023 6.844 0.023 4.015 0.015 2.643 0.019 I y
J065007.04−074204.9 102.52934 −7.70137 11.757 0.024 10.813 0.026 9.999 0.021 9.084 0.023 8.564 0.020 6.397 0.016 4.835 0.028 II y
J065007.07−074010.4 102.52948 −7.66958 12.730 0.024 12.095 0.024 11.863 0.024 11.413 0.023 10.985 0.022 8.942 0.032 7.693 0.204 II y
J065010.78−073747.2 102.54492 −7.62980 12.141 0.024 11.948 0.026 11.726 0.024 11.107 0.023 10.514 0.021 8.199 0.024 4.998 0.034 II y
J065032.91−063829.2 102.63713 −6.64147 16.341 0.110 14.970 0.075 13.691 0.055 11.768 0.024 10.729 0.021 8.146 0.020 5.930 0.044 II y
J065035.99−081936.8 102.64998 −8.32689 12.877 0.029 12.716 0.036 12.440 0.029 11.818 0.024 11.180 0.021 8.991 0.033 7.623 0.165 II y
J065037.60−083824.8 102.65668 −8.64023 12.243 0.024 11.832 0.027 11.036 0.019 9.823 0.022 8.930 0.020 7.160 0.017 5.657 0.044 II y
J065050.75−120208.5 102.71147 −12.03570 12.841 0.029 12.265 0.023 11.986 0.027 11.811 0.023 11.532 0.021 10.169 0.067 8.461 · · · II y
J065112.92−153118.1 102.80387 −15.52170 11.976 0.022 10.742 0.025 9.482 0.024 8.399 0.022 7.161 0.019 4.420 0.014 2.254 0.016 I b
J065113.70−153130.4 102.80712 −15.52513 17.423 · · · 16.064 0.171 14.835 0.114 11.074 0.023 9.459 0.020 5.292 0.014 2.076 0.017 I b
J065153.59−102116.2 102.97329 −10.35451 18.617 · · · 15.990 · · · 14.201 0.079 13.025 0.025 11.152 0.022 6.846 0.015 3.435 0.016 I y
J065213.08−081428.6 103.05453 −8.24129 14.262 0.030 13.454 0.022 12.706 0.034 11.703 0.024 11.066 0.021 8.516 0.024 6.783 0.077 II y
J065227.41−094117.2 103.11421 −9.68813 14.395 0.035 13.317 0.038 12.608 0.037 11.432 0.021 10.682 0.021 8.973 0.029 6.640 0.073 II b
J065257.96−091307.0 103.24152 −9.21864 · · · · · · · · · · · · · · · · · · 15.448 0.047 12.923 0.028 8.907 0.028 4.201 0.021 I y
J065300.88−101657.7 103.25369 −10.28270 11.880 0.035 10.806 0.029 10.488 0.031 9.692 0.023 9.250 0.023 7.656 0.019 5.851 0.041 II b
J065511.03−072355.2 103.79597 −7.39869 14.522 0.036 13.154 0.026 12.095 0.023 11.208 0.023 10.421 0.020 8.428 0.023 6.629 0.076 II y
J065511.98−071857.0 103.79994 −7.31583 13.632 0.029 12.264 0.030 11.354 0.026 10.048 0.023 8.817 0.020 6.153 0.015 3.543 0.024 I y
J065525.28−080051.9 103.85534 −8.01443 14.670 0.029 13.496 0.039 12.796 0.034 11.487 0.024 10.799 0.023 7.465 0.019 5.120 0.050 II y
J065526.45−072646.9 103.86024 −7.44637 13.918 0.024 13.002 0.030 12.272 0.027 11.645 0.023 11.071 0.021 8.913 0.028 7.046 0.094 II y
J065529.61−104504.2 103.87341 −10.75118 15.436 0.049 13.891 0.039 12.814 0.027 11.544 0.023 10.694 0.020 8.056 0.021 5.422 0.038 II b
J065531.40−072413.1 103.88085 −7.40366 · · · · · · · · · · · · · · · · · · 14.654 0.064 11.710 0.022 9.076 0.028 4.587 0.026 I y
J065537.52−080600.0 103.90635 −8.10003 13.393 0.021 12.579 0.025 11.863 0.021 10.947 0.022 10.486 0.020 8.598 0.025 6.211 0.050 II y
J065612.37−092604.4 104.05155 −9.43457 11.022 0.023 10.740 0.021 10.430 0.021 10.818 0.023 10.509 0.020 9.283 0.034 8.253 0.253 II y
J065614.10−070904.1 104.05879 −7.15116 · · · · · · · · · · · · · · · · · · 10.808 0.022 8.934 0.020 5.622 0.016 3.150 0.021 I y
J065617.83−082009.0 104.07430 −8.33585 13.845 0.051 12.561 · · · 11.969 · · · 11.306 0.024 10.852 0.023 9.600 0.063 7.837 0.263 II y
J065632.25−071657.5 104.13439 −7.28266 13.071 0.024 12.038 0.025 11.429 0.024 10.723 0.024 10.088 0.021 7.800 0.021 5.802 0.041 II y
J065638.27−072558.3 104.15946 −7.43287 13.639 0.026 12.686 0.026 12.026 0.025 11.557 0.022 10.985 0.021 9.418 0.040 8.029 0.258 II f
J065641.68−072611.9 104.17368 −7.43666 14.798 0.047 13.613 0.050 12.862 0.030 11.961 0.021 10.905 0.020 7.824 0.019 4.663 0.029 I y
J065648.18−072039.1 104.20079 −7.34420 12.955 0.029 11.970 0.029 11.445 0.026 10.705 0.022 10.074 0.019 8.078 0.022 6.589 0.076 II y
J065650.92−082234.8 104.21217 −8.37635 14.423 0.038 13.042 0.021 12.134 0.026 11.168 0.022 10.515 0.020 8.851 0.032 6.869 0.123 II y
J065657.69−080911.7 104.24038 −8.15326 11.833 0.022 11.175 0.022 10.615 0.023 9.854 0.022 9.305 0.020 7.979 0.024 6.207 0.073 II y
J065658.52−082442.5 104.24384 −8.41183 16.805 0.156 14.664 0.063 13.267 0.037 11.830 0.023 10.593 0.020 8.395 0.029 5.992 0.050 II y
J065706.26−081446.5 104.27611 −8.24627 14.078 0.026 12.973 0.036 12.633 0.030 12.243 0.029 11.991 0.031 10.051 0.187 3.850 0.026 II f
J065708.10−081454.6 104.28376 −8.24851 14.246 0.029 13.670 0.039 13.455 0.038 13.530 0.039 13.078 0.050 10.867 0.260 2.997 0.024 II b
J065709.61−082145.0 104.29008 −8.36252 13.967 0.030 12.840 0.026 12.210 0.029 11.240 0.022 10.698 0.020 8.542 0.040 6.435 0.093 II y
J065711.22−081425.4 104.29678 −8.24039 18.307 · · · 15.608 0.173 14.032 0.063 13.225 0.032 12.198 0.028 10.390 0.407 4.588 0.055 II f
J065711.37−081148.0 104.29739 −8.19669 11.669 · · · 11.431 0.073 10.639 0.024 10.004 0.023 9.551 0.020 7.369 0.023 5.378 0.049 II f
J065711.42−105728.9 104.29762 −10.95804 12.303 0.024 11.860 0.024 11.183 0.021 9.618 0.023 8.623 0.019 5.386 0.015 3.757 0.018 I y
J065714.09−081432.3 104.30872 −8.24232 14.882 0.036 13.439 0.042 12.649 0.030 11.496 0.024 10.855 0.022 8.049 0.029 5.361 0.043 II f
J065715.51−082357.7 104.31463 −8.39937 11.444 0.024 10.794 0.026 10.306 0.025 9.315 0.022 8.799 0.020 7.228 0.020 5.532 0.040 II y
J065720.19−084320.3 104.33414 −8.72232 15.840 0.101 13.636 · · · 12.595 · · · 11.263 0.024 10.562 0.021 8.421 0.024 6.228 0.057 II y
J065721.09−081245.7 104.33791 −8.21270 14.571 0.037 13.537 0.029 13.025 0.039 11.905 0.024 11.272 0.022 8.887 0.047 7.318 0.143 II y
J065721.33−081843.8 104.33888 −8.31219 15.266 · · · 13.394 · · · 12.340 0.040 11.320 0.038 10.467 0.048 8.335 0.072 4.845 0.073 II b
J065726.39−081524.2 104.35996 −8.25674 13.042 0.030 12.551 0.036 12.316 0.029 11.746 0.028 11.237 0.026 9.853 0.221 7.535 · · · II b
J065728.63−104118.2 104.36929 −10.68839 16.338 0.110 14.394 0.065 12.668 0.032 12.014 0.022 10.339 0.020 7.269 0.016 4.874 0.033 I y
J065734.33−104158.2 104.39306 −10.69951 15.078 0.049 13.565 0.035 12.560 0.027 11.356 0.021 10.548 0.020 8.687 0.024 6.460 0.068 II y
J065735.73−095252.2 104.39891 −9.88117 13.811 0.032 12.406 0.031 11.581 0.024 9.940 0.021 8.937 0.022 6.084 0.020 2.474 0.028 I b
J065736.51−083733.2 104.40213 −8.62590 13.168 0.026 12.753 0.022 12.434 0.023 11.959 0.024 11.604 0.021 10.417 0.073 8.210 · · · II b
J065738.43−104400.6 104.41013 −10.73351 16.386 0.120 14.726 0.067 13.308 0.040 11.214 0.023 9.706 0.021 7.206 0.018 4.560 0.022 I y
J065740.47−095253.7 104.41863 −9.88159 16.405 0.113 13.829 0.057 12.193 0.027 11.099 0.023 10.104 0.021 8.249 0.029 5.974 0.054 II f
J065747.97−090857.7 104.44989 −9.14936 14.465 0.033 13.293 0.038 12.715 0.031 11.994 0.022 11.362 0.021 9.815 0.053 8.141 0.281 II b
J065751.56−095520.4 104.46486 −9.92235 13.871 0.026 12.804 0.031 12.350 0.030 11.800 0.021 11.501 0.022 9.817 0.053 6.407 0.062 II y
J065757.34−095356.7 104.48895 −9.89910 13.298 0.024 12.304 0.022 11.781 0.023 11.094 0.022 10.455 0.020 8.335 0.023 6.632 0.074 II y
J065759.53−100129.8 104.49804 −10.02497 12.396 0.022 11.519 0.022 10.979 0.019 10.314 0.023 9.928 0.021 7.775 0.023 5.423 0.042 II y
J065800.99−084559.5 104.50413 −8.76654 14.746 0.039 13.652 0.037 13.003 0.041 11.740 0.024 10.924 0.020 8.211 0.024 5.610 0.035 II f
J065802.65−075643.6 104.51106 −7.94546 9.534 0.026 8.349 0.036 7.472 0.023 6.397 0.085 5.265 0.062 2.887 0.012 0.636 0.010 II y
J065802.77−084548.5 104.51156 −8.76349 13.938 0.053 12.920 0.060 12.465 0.049 11.381 0.025 10.925 0.021 8.546 0.027 6.331 0.064 II b
J065803.38−084618.6 104.51411 −8.77186 15.830 0.067 13.960 0.051 12.783 0.026 11.348 0.023 10.311 0.020 7.731 0.021 5.082 0.033 II y
J065813.15−095554.0 104.55479 −9.93169 14.151 0.032 13.251 0.041 12.818 0.037 11.920 0.023 11.437 0.022 9.857 0.048 7.817 0.209 II y
J065814.65−093711.0 104.56106 −9.61974 14.988 0.051 13.467 0.049 12.275 0.034 11.165 0.037 10.265 0.020 8.155 0.022 5.495 0.045 II y
J065816.99−095358.6 104.57083 −9.89963 14.779 0.030 13.679 0.025 12.719 0.031 11.524 0.023 10.698 0.021 8.345 0.025 6.501 0.060 II y
J065820.13−094451.1 104.58390 −9.74755 12.094 0.024 11.417 0.025 10.672 0.021 9.438 0.023 8.793 0.019 6.077 0.016 4.289 0.024 II y
J065823.95−091638.1 104.59982 −9.27727 13.112 0.044 12.245 0.057 11.453 0.034 10.683 0.021 10.223 0.019 7.946 0.019 5.876 0.051 II b
J065830.66−082759.3 104.62776 −8.46649 18.641 · · · 16.132 0.236 13.824 0.065 10.646 0.023 8.498 0.022 6.271 0.017 3.411 0.022 I y
J065832.75−074615.8 104.63649 −7.77107 17.297 · · · 15.569 · · · 14.608 0.097 12.255 0.023 10.138 0.021 6.666 0.016 3.855 0.022 I y
J065835.71−072405.2 104.64880 −7.40147 15.875 · · · 14.614 0.078 13.311 · · · 11.895 0.024 10.946 0.020 8.405 0.024 6.011 0.052 II y
J065841.27−095740.4 104.67200 −9.96124 13.183 0.024 12.415 0.025 11.952 0.024 11.358 0.022 11.056 0.020 8.602 0.024 6.268 0.061 II b
J065852.33−095217.6 104.71808 −9.87156 16.175 0.091 14.696 0.058 13.555 0.052 11.975 0.024 11.302 0.021 9.633 0.041 7.620 0.136 II y
J065853.73−074448.2 104.72389 −7.74673 17.509 · · · 15.953 · · · 14.578 0.115 12.602 0.025 11.113 0.022 8.650 0.030 4.836 0.032 I y
J065854.36−074334.7 104.72651 −7.72632 16.640 0.132 14.971 0.101 14.094 0.070 12.732 0.024 10.816 0.021 7.944 0.023 4.987 0.032 I y
J065854.75−115619.7 104.72813 −11.93882 13.598 0.032 12.346 0.029 11.750 0.023 10.960 0.023 10.294 0.020 8.638 0.026 7.041 0.077 II y
J065854.85−074505.4 104.72858 −7.75153 · · · · · · · · · · · · · · · · · · 12.331 0.031 10.107 0.022 7.480 0.018 4.173 0.028 I y
J065856.17−074514.4 104.73408 −7.75401 13.392 0.036 12.533 0.044 12.253 0.035 11.195 0.020 10.675 0.018 9.570 0.046 6.417 0.057 II b
J065857.19−074445.3 104.73832 −7.74593 16.558 0.131 14.912 0.101 14.008 0.074 13.131 0.026 11.448 0.021 8.533 0.026 4.674 0.035 I y
J065858.78−120311.8 104.74495 −12.05328 12.987 0.023 11.951 0.022 11.235 0.021 10.779 0.024 10.177 0.021 8.492 0.026 6.075 0.047 II y
J065902.41−115940.8 104.76006 −11.99468 16.889 · · · 16.215 · · · 15.078 0.171 13.952 0.026 11.514 0.021 8.219 0.026 4.209 0.023 I c
J065902.76−120056.5 104.76151 −12.01571 18.029 · · · 15.491 · · · 13.912 0.057 10.741 0.024 9.292 0.020 7.078 0.017 5.122 0.035 I b
J065903.31−113708.1 104.76380 −11.61893 12.105 0.022 11.658 0.027 11.248 0.021 10.005 0.022 9.663 0.019 7.389 0.018 4.203 0.021 II b
J065907.11−084641.1 104.77966 −8.77809 14.386 0.026 13.445 0.034 12.802 0.029 11.943 0.023 11.440 0.022 8.676 0.028 6.533 0.068 II y
J065911.85−100441.8 104.79941 −10.07828 12.622 0.022 12.109 0.027 11.886 0.023 11.476 0.023 11.218 0.022 8.898 0.030 6.242 0.060 II y
J065912.12−090854.4 104.80053 −9.14846 11.798 0.024 11.142 0.023 10.676 0.021 10.122 0.023 9.638 0.019 7.613 0.019 5.822 0.047 II y
J065917.53−115742.6 104.82307 −11.96184 12.850 0.024 12.072 0.025 11.590 0.026 10.417 0.022 9.760 0.020 7.346 0.018 5.363 0.037 II y
J065919.04−114953.6 104.82937 −11.83157 13.660 0.038 12.961 0.045 12.514 0.039 11.927 0.022 11.503 0.021 9.628 0.051 7.611 0.163 II y
J065923.38−115520.0 104.84742 −11.92223 13.584 0.028 12.694 0.031 12.314 0.023 11.804 0.023 11.425 0.022 9.948 0.053 8.219 0.241 II y
J065933.56−115928.8 104.88987 −11.99135 11.501 0.026 11.052 0.031 10.612 0.023 9.905 0.023 9.482 0.019 7.152 0.016 6.157 0.050 II y
J065933.76−073143.3 104.89069 −7.52871 15.166 0.043 14.098 0.050 13.213 0.034 11.927 0.024 11.230 0.021 9.320 0.039 7.277 0.118 II y
J065934.75−115838.9 104.89481 −11.97749 12.917 0.029 11.562 0.027 10.526 0.023 9.236 0.022 8.609 0.020 6.415 0.014 4.110 0.028 II y
J065935.69−092342.2 104.89874 −9.39506 15.808 0.082 13.708 0.035 11.895 0.024 11.208 0.023 9.970 0.020 6.800 0.017 3.959 0.022 I y
J065940.64−115531.4 104.91934 −11.92541 11.839 0.022 11.326 0.023 10.661 0.019 9.548 0.022 9.019 0.020 6.316 0.014 4.153 0.022 II y
J065942.60−110732.1 104.92752 −11.12560 12.765 0.023 12.450 0.024 12.265 0.027 11.719 0.022 11.213 0.022 8.551 0.025 5.477 0.040 II y
J065943.30−111350.6 104.93045 −11.23075 14.561 0.039 13.164 0.028 12.450 0.029 11.586 0.023 10.935 0.022 9.540 0.052 7.312 0.133 II b
J065944.53−111358.0 104.93556 −11.23278 12.754 0.027 12.092 0.030 11.520 0.025 10.714 0.022 10.040 0.019 7.997 0.022 6.476 0.073 II b
J065955.84−105910.7 104.98269 −10.98631 12.870 0.023 12.467 0.022 12.216 0.029 11.556 0.022 11.176 0.020 8.500 0.024 5.047 0.033 II y
J070000.97−092452.0 105.00406 −9.41447 17.478 · · · 15.511 0.120 13.915 0.048 11.719 0.021 10.635 0.019 8.138 0.040 5.913 0.054 II b
J070007.91−091336.2 105.03296 −9.22673 17.248 · · · 15.621 0.154 14.174 0.072 13.850 0.044 12.145 0.038 7.980 0.030 3.233 0.032 I b
J070012.23−090118.1 105.05096 −9.02170 16.561 0.145 14.607 0.065 12.939 0.037 10.881 0.022 9.805 0.020 7.227 0.018 4.849 0.027 II y
J070017.34−091148.6 105.07225 −9.19684 13.516 0.035 12.760 0.044 12.150 0.030 10.875 0.023 9.983 0.020 7.599 0.020 4.955 0.029 II y
J070026.13−084955.3 105.10889 −8.83205 · · · · · · · · · · · · · · · · · · 12.605 0.026 10.985 0.023 7.764 0.022 3.386 0.028 I y
J070027.40−091154.3 105.11419 −9.19844 13.965 0.053 13.075 0.063 12.389 0.034 10.991 0.024 10.737 0.022 8.491 0.028 6.474 0.071 II y
J070028.47−091257.4 105.11865 −9.21595 · · · · · · · · · · · · · · · · · · 12.891 0.024 11.969 0.021 9.828 0.077 4.699 0.035 II y
J070029.38−084825.5 105.12245 −8.80711 · · · · · · · · · · · · · · · · · · 12.794 0.038 10.238 0.024 7.174 0.032 3.659 0.035 I b
J070029.92−084812.7 105.12469 −8.80354 · · · · · · · · · · · · · · · · · · 14.944 0.080 12.704 0.029 9.001 0.058 4.994 0.040 I b
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Table 1 — Continued
WISE ID Coordinates J σJ H σH K σK W1 σW1 W2 σW2 W3 σW3 W4 σW4 Class Code2
RA (deg) Dec (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J070035.36−081100.3 105.14734 −8.18343 14.042 0.029 13.043 0.026 12.327 0.024 11.634 0.023 11.048 0.022 9.253 0.034 7.169 0.094 II y
J070036.15−085814.3 105.15065 −8.97066 13.265 0.033 12.322 0.042 11.711 0.033 10.602 0.033 9.504 0.030 6.497 0.024 3.767 0.042 I y
J070038.02−085732.7 105.15845 −8.95910 15.234 0.053 13.894 0.049 13.093 0.033 11.625 0.024 10.946 0.023 8.874 0.052 6.694 0.107 II b
J070038.85−085905.5 105.16188 −8.98488 · · · · · · · · · · · · · · · · · · 13.647 0.028 12.126 0.025 8.097 0.024 4.725 0.028 I y
J070040.57−083849.4 105.16908 −8.64706 12.541 0.036 11.191 0.034 9.989 0.024 8.140 0.023 6.983 0.018 4.435 0.014 2.244 0.014 I y
J070045.67−084819.4 105.19030 −8.80541 16.809 · · · 15.272 0.102 13.934 0.058 11.872 0.025 10.718 0.022 8.274 0.046 5.770 0.062 II y
J070050.56−074034.3 105.21069 −7.67621 13.615 0.027 12.878 0.024 12.606 0.034 11.995 0.022 11.730 0.021 10.044 0.059 6.511 0.065 II y
J070051.50−085701.3 105.21460 −8.95037 15.671 0.063 13.453 0.047 11.900 0.027 10.146 0.021 9.175 0.019 6.220 0.016 2.498 0.018 I f
J070053.90−090039.0 105.22460 −9.01085 15.059 0.044 13.439 0.042 12.369 0.024 11.429 0.022 10.683 0.021 9.031 0.042 7.086 0.125 II y
J070055.23−085227.6 105.23017 −8.87434 · · · · · · · · · · · · · · · · · · 14.400 0.040 12.581 0.029 8.609 0.057 4.167 0.031 I b
J070109.07−090331.9 105.28781 −9.05889 11.368 0.022 11.266 0.023 11.147 0.023 10.689 0.025 10.058 0.025 7.513 0.076 3.422 0.029 II b
J070109.56−090336.1 105.28984 −9.06003 · · · · · · · · · · · · · · · · · · 11.741 0.031 10.374 0.025 7.392 0.042 3.151 0.022 I b
J070109.99−090347.9 105.29164 −9.06331 · · · · · · · · · · · · · · · · · · 12.205 0.033 10.827 0.024 7.552 0.043 4.331 0.029 I c
J070116.26−090400.0 105.31777 −9.06668 14.143 0.044 12.993 0.036 12.051 0.027 10.817 0.022 9.888 0.020 7.250 0.019 5.127 0.037 II y
J070122.70−095948.5 105.34460 −9.99683 14.795 0.039 13.367 0.037 12.147 0.023 10.786 0.022 10.026 0.020 7.857 0.022 6.123 0.046 II y
J070130.06−092204.1 105.37528 −9.36783 14.416 0.056 13.630 0.062 12.947 0.052 11.710 0.022 11.190 0.021 8.438 0.023 5.848 0.044 II b
J070130.09−153309.7 105.37540 −15.55270 13.307 0.026 12.608 0.022 12.277 0.030 11.982 0.024 11.624 0.022 10.063 0.069 8.173 0.221 II y
J070135.78−095429.0 105.39910 −9.90808 12.691 0.026 11.844 0.032 11.336 0.021 9.984 0.023 9.485 0.020 8.378 0.028 5.086 0.032 II y
J070210.43−115135.8 105.54348 −11.85995 · · · · · · · · · · · · · · · · · · 12.958 0.027 10.473 0.019 7.118 0.021 4.163 0.026 I y
J070221.01−075631.3 105.58758 −7.94204 12.920 0.026 12.532 0.026 12.066 0.025 10.969 0.022 10.219 0.021 8.403 0.022 6.090 0.046 II y
J070223.26−063955.4 105.59695 −6.66541 13.261 0.026 12.402 0.024 11.952 0.024 10.655 0.022 9.763 0.019 7.473 0.018 5.544 0.036 II y
J070239.48−072849.3 105.66453 −7.48039 13.749 0.036 13.296 0.038 12.740 0.031 11.850 0.024 11.375 0.021 9.205 0.035 6.406 0.058 II y
J070240.68−075153.6 105.66952 −7.86490 12.815 0.028 12.365 0.025 12.052 0.029 11.383 0.023 10.859 0.021 8.702 0.031 6.536 0.059 II y
J070242.52−112611.8 105.67721 −11.43661 10.255 0.023 9.419 0.022 8.577 0.024 7.297 0.032 6.390 0.023 3.905 0.016 2.220 0.024 II y
J070245.68−112815.2 105.69034 −11.47091 13.770 0.029 12.781 0.023 12.250 0.023 11.492 0.025 11.011 0.022 9.481 0.164 5.934 0.069 II f
J070252.79−092201.5 105.71996 −9.36711 12.008 0.021 11.788 0.022 11.604 0.021 11.314 0.022 11.028 0.022 9.138 0.051 4.978 0.033 II y
J070258.10−112056.3 105.74211 −11.34898 14.822 0.033 13.608 0.025 12.702 0.029 11.748 0.025 10.959 0.022 8.695 0.048 7.068 0.117 II y
J070258.33−112842.8 105.74305 −11.47857 12.831 0.023 11.577 0.023 10.845 0.023 10.011 0.026 9.450 0.021 6.807 0.050 4.319 0.053 II y
J070303.06−065826.0 105.76277 −6.97390 10.977 0.044 9.416 0.041 8.046 0.017 6.462 0.068 5.232 0.039 2.836 0.012 0.245 0.017 I y
J070304.00−065554.9 105.76671 −6.93194 12.139 0.022 11.868 0.022 11.748 0.023 11.443 0.024 11.156 0.022 8.876 0.061 5.645 0.056 II c
J070305.17−065803.3 105.77155 −6.96761 · · · · · · · · · · · · · · · · · · 13.307 0.032 11.691 0.019 8.414 0.024 2.141 0.005 I f
J070312.69−112838.2 105.80289 −11.47729 13.130 0.024 12.249 0.027 11.932 0.024 11.237 0.024 10.649 0.021 7.785 0.032 6.013 0.058 II y
J070321.52−104251.9 105.83969 −10.71443 13.801 0.024 12.900 0.022 12.542 0.023 11.974 0.028 11.500 0.026 9.055 0.062 5.944 0.058 II c
J070322.88−091752.5 105.84534 −9.29793 13.886 0.024 13.078 0.027 12.523 0.027 11.627 0.025 10.889 0.022 8.907 0.104 8.421 · · · II f
J070322.98−091931.1 105.84578 −9.32532 14.283 0.033 13.000 0.035 12.064 0.026 11.235 0.025 10.725 0.022 9.110 0.072 7.042 0.205 II f
J070323.20−104239.8 105.84671 −10.71106 · · · · · · · · · · · · · · · · · · 12.512 0.036 11.061 0.027 8.704 0.054 4.302 0.028 I c
J070326.33−091956.2 105.85972 −9.33230 16.766 0.170 15.461 0.124 14.498 0.094 12.260 0.027 10.703 0.022 6.224 0.015 2.326 0.016 I b
J070326.91−092021.9 105.86213 −9.33942 14.668 0.047 13.572 0.042 12.585 0.027 11.062 0.025 10.050 0.022 7.699 0.043 5.002 0.043 II y
J070327.79−091934.9 105.86581 −9.32637 14.026 0.067 12.374 0.053 10.907 0.026 9.098 0.024 7.911 0.020 4.619 0.016 2.504 0.024 I y
J070332.17−063724.7 105.88406 −6.62354 13.016 0.024 11.899 0.026 10.845 0.023 9.022 0.023 8.000 0.021 5.443 0.015 3.078 0.014 II y
J070338.26−094707.2 105.90944 −9.78535 16.031 · · · 15.097 · · · 14.754 0.133 11.163 0.014 10.515 0.020 8.589 0.029 6.234 0.055 II b
J070343.84−092948.8 105.93269 −9.49690 13.621 0.026 12.919 0.021 12.523 0.030 11.725 0.023 11.099 0.021 8.097 0.025 5.670 0.049 II y
J070350.05−093153.0 105.95855 −9.53140 16.020 0.087 14.326 0.068 13.185 0.045 10.505 0.024 9.500 0.021 6.478 0.017 3.729 0.030 I y
J070355.90−093550.4 105.98295 −9.59736 13.889 0.022 12.806 0.032 12.109 0.021 11.577 0.023 11.078 0.024 8.654 0.081 6.332 0.085 II y
J070400.41−113359.7 106.00172 −11.56660 12.099 0.030 10.916 0.028 10.190 0.026 9.270 0.023 8.570 0.021 6.347 0.020 2.569 0.023 II c
J070401.22−112531.3 106.00511 −11.42537 14.258 0.032 12.963 0.024 11.979 0.021 10.825 0.023 10.202 0.020 7.841 0.032 3.968 0.025 II c
J070401.59−113413.2 106.00664 −11.57035 15.430 0.052 12.449 0.030 9.997 0.026 7.167 0.040 5.527 0.049 3.171 0.023 0.936 0.022 I y
J070402.25−112542.6 106.00940 −11.42852 11.306 0.030 10.750 0.034 9.941 0.052 8.410 0.023 7.514 0.018 4.064 0.011 2.265 0.016 I y
J070403.10−112327.7 106.01292 −11.39104 13.033 0.038 11.573 0.037 10.694 0.026 9.504 0.024 8.915 0.021 6.108 0.023 4.342 0.055 II b
J070403.51−094932.6 106.01466 −9.82572 14.136 0.024 13.081 0.032 12.193 0.026 11.061 0.023 10.406 0.021 7.694 0.018 5.133 0.037 II y
J070404.84−094310.7 106.02021 −9.71964 14.675 0.036 13.673 0.042 13.245 0.029 11.377 0.026 10.665 0.023 8.039 0.027 6.057 0.097 II b
J070405.90−112358.5 106.02462 −11.39959 14.418 0.033 13.470 0.026 12.933 0.031 11.752 0.023 11.062 0.020 8.193 0.030 5.934 0.054 II f
J070406.48−113446.7 106.02704 −11.57966 15.009 0.051 13.352 0.065 12.365 0.035 11.043 0.026 10.339 0.021 8.622 0.088 5.964 0.093 II f
J070406.69−112608.4 106.02790 −11.43567 10.763 0.026 10.022 0.024 9.116 0.021 7.884 0.026 7.080 0.019 3.907 0.014 2.054 0.014 II y
J070407.05−120143.4 106.02941 −12.02874 · · · · · · · · · · · · · · · · · · 14.312 0.044 11.409 0.022 7.520 0.027 3.355 0.029 I y
J070407.33−100958.0 106.03057 −10.16613 13.552 0.032 12.122 0.035 11.368 0.027 10.676 0.024 9.956 0.020 7.539 0.023 4.332 0.027 II y
J070408.30−112005.0 106.03461 −11.33475 13.600 0.028 12.564 0.026 11.919 0.024 10.859 0.026 10.302 0.024 7.330 0.052 3.913 0.024 II f
J070408.36−111712.0 106.03485 −11.28669 17.013 · · · 15.711 0.145 14.311 0.069 12.155 0.031 11.242 0.024 7.629 0.063 4.756 0.101 I f
J070409.46−101030.3 106.03946 −10.17510 14.754 0.050 13.391 0.036 12.664 0.033 11.894 0.024 11.017 0.020 8.493 0.034 6.101 0.056 II f
J070409.84−101019.0 106.04104 −10.17197 15.800 0.077 13.135 0.042 11.868 0.030 11.164 0.026 10.738 0.022 9.621 0.118 6.872 0.130 II f
J070409.95−112316.4 106.04147 −11.38790 11.786 0.024 10.709 0.021 9.832 0.021 8.817 0.022 8.137 0.020 6.610 0.018 4.929 0.039 II y
J070413.52−112455.6 106.05634 −11.41545 12.188 0.028 11.294 0.024 10.778 0.023 10.111 0.021 9.716 0.019 7.638 0.023 5.459 0.060 II y
J070413.92−101013.6 106.05802 −10.17046 14.764 0.042 12.560 0.035 10.866 0.025 8.431 0.024 6.975 0.019 4.713 0.016 2.514 0.018 I y
J070414.24−112316.8 106.05937 −11.38801 13.896 0.028 12.982 0.022 12.341 0.026 11.576 0.022 11.106 0.021 8.743 0.040 6.700 0.097 II y
J070414.88−101644.7 106.06201 −10.27909 18.664 · · · 16.157 · · · 14.386 0.078 12.389 0.032 10.581 0.022 7.950 0.033 4.833 0.034 I b
J070416.33−112350.1 106.06805 −11.39728 13.066 0.067 12.315 0.074 12.056 0.055 10.985 0.022 10.613 0.020 8.714 0.031 6.951 0.203 II y
J070416.80−112432.3 106.07002 −11.40900 14.123 0.026 13.213 0.028 12.595 0.024 11.260 0.023 10.403 0.020 7.959 0.021 5.919 0.061 II y
J070417.53−115015.3 106.07305 −11.83760 11.622 0.022 11.054 0.022 10.305 0.021 9.265 0.025 8.623 0.021 5.531 0.015 3.893 0.028 II b
J070417.62−111809.0 106.07345 −11.30252 10.576 0.023 10.149 0.022 9.698 0.021 8.970 0.022 8.438 0.021 6.328 0.030 4.248 0.065 II y
J070417.89−103257.9 106.07458 −10.54942 16.741 0.153 14.920 0.111 13.535 0.046 11.518 0.031 10.478 0.028 7.945 0.097 5.438 0.211 II c
J070418.57−065641.8 106.07740 −6.94495 13.235 0.022 12.687 0.027 12.084 0.023 11.134 0.024 10.326 0.020 7.227 0.018 5.586 0.034 II y
J070418.80−115025.2 106.07837 −11.84034 12.049 0.024 11.554 0.024 10.883 0.024 9.815 0.022 9.200 0.019 5.924 0.014 3.373 0.023 II b
J070419.06−113346.5 106.07945 −11.56292 13.097 0.033 12.418 0.043 12.162 0.033 11.544 0.023 11.016 0.022 8.634 0.038 6.668 0.108 II y
J070420.15−102056.6 106.08396 −10.34907 14.930 0.038 13.367 0.031 12.507 0.030 11.628 0.026 11.033 0.026 8.732 0.064 6.113 · · · II f
J070420.86−112936.1 106.08693 −11.49337 13.801 0.024 12.883 0.022 12.286 0.024 11.686 0.023 11.338 0.021 8.656 0.029 6.314 0.065 II y
J070421.30−113318.1 106.08878 −11.55505 13.948 0.024 12.933 0.026 12.319 0.023 11.375 0.024 10.875 0.021 8.739 0.049 6.606 0.095 II y
J070421.52−102026.1 106.08969 −10.34061 15.097 0.042 13.177 0.022 12.189 0.027 11.523 0.026 11.206 0.029 8.831 0.085 6.202 0.129 II c
J070425.63−102846.5 106.10683 −10.47960 16.629 0.147 14.689 0.081 13.180 0.044 11.758 0.025 10.376 0.024 7.256 0.022 3.083 0.026 I f
J070426.25−113121.2 106.10938 −11.52258 12.470 0.026 11.601 0.026 11.152 0.023 10.513 0.023 10.161 0.020 8.212 0.040 5.988 0.048 II b
J070426.70−102848.0 106.11127 −10.48003 17.606 · · · 15.817 0.174 13.352 0.040 11.838 0.027 10.047 0.024 7.268 0.020 3.833 0.036 I f
J070426.73−102834.4 106.11141 −10.47624 · · · · · · · · · · · · · · · · · · 15.957 0.309 13.879 0.126 11.522 · · · 4.645 0.064 I f
J070427.44−102922.4 106.11437 −10.48956 18.780 · · · 16.116 0.230 14.780 0.124 11.642 0.025 9.221 0.020 5.593 0.015 2.035 0.018 I b
J070427.87−102927.9 106.11615 −10.49110 16.738 0.148 14.064 0.047 12.446 0.030 10.732 0.130 9.374 0.090 6.199 0.059 2.991 0.032 I b
J070430.04−101348.4 106.12521 −10.23013 12.091 · · · 11.641 0.041 11.549 0.038 10.999 0.022 10.602 0.022 8.646 0.031 5.966 0.078 II c
J070430.49−101341.5 106.12705 −10.22820 18.075 · · · 15.420 0.149 14.180 0.085 11.738 0.029 10.394 0.022 7.686 0.024 4.726 0.044 I c
J070430.90−101311.8 106.12877 −10.21997 18.311 · · · 17.233 · · · 14.710 0.101 11.850 0.027 10.267 0.021 8.194 0.042 5.413 0.080 I c
J070431.75−121620.5 106.13231 −12.27238 16.557 0.123 14.719 0.077 13.259 0.040 11.228 0.023 10.232 0.019 8.033 0.037 5.616 0.066 II b
J070432.61−101216.7 106.13591 −10.20465 17.565 · · · 17.329 · · · 15.107 0.151 13.234 0.027 11.218 0.021 7.740 0.036 4.964 0.041 I y
J070432.69−112817.2 106.13622 −11.47147 13.977 0.036 12.980 0.034 12.393 0.029 11.564 0.023 11.109 0.021 9.219 0.032 7.312 0.130 II b
J070433.01−102958.5 106.13756 −10.49961 14.465 0.040 13.199 0.042 12.698 0.034 11.804 0.028 10.883 0.028 7.990 0.087 4.822 0.048 II y
J070434.06−112024.4 106.14194 −11.34012 14.026 0.035 13.038 0.024 12.422 0.027 11.920 0.023 11.404 0.022 9.773 0.057 8.000 0.416 II y
J070434.95−091426.8 106.14563 −9.24080 14.248 0.035 13.114 0.030 12.077 0.025 10.891 0.023 10.124 0.020 7.762 0.019 5.921 0.043 II y
J070435.89−110448.2 106.14958 −11.08006 11.062 0.032 9.833 0.027 8.857 0.024 7.782 0.026 7.183 0.020 4.722 0.021 2.224 0.027 II y
J070436.12−111552.1 106.15051 −11.26449 14.548 0.037 13.237 0.024 12.451 0.027 11.440 0.024 10.841 0.022 8.423 0.025 6.627 0.080 II b
J070438.30−112610.0 106.15962 −11.43612 14.131 0.036 13.062 0.028 12.421 0.027 11.371 0.022 10.853 0.020 8.810 0.035 6.387 0.064 II y
J070440.71−111544.4 106.16966 −11.26236 13.069 0.028 12.330 0.024 12.010 0.026 11.445 0.022 10.811 0.021 8.653 0.032 7.594 0.167 II y
J070440.83−110614.9 106.17014 −11.10415 12.416 0.036 11.198 0.036 10.543 0.030 9.745 0.025 8.804 0.018 7.125 0.075 4.359 0.070 II b
J070443.05−110629.3 106.17938 −11.10815 17.776 · · · 15.973 · · · 14.794 0.138 13.295 0.078 12.253 0.044 8.193 0.173 4.894 0.133 I f
J070444.29−111804.5 106.18458 −11.30125 12.996 0.024 12.709 0.026 12.430 0.026 11.703 0.023 11.064 0.022 8.351 0.023 6.647 0.071 II y
J070448.44−103344.3 106.20184 −10.56233 13.377 0.026 12.023 0.027 11.099 0.026 9.958 0.023 9.165 0.022 7.627 0.023 5.514 0.056 II b
J070448.81−103322.3 106.20341 −10.55621 14.433 0.030 12.977 0.035 12.038 0.023 11.087 0.023 10.226 0.022 8.216 0.026 6.104 0.063 II y
J070450.37−102859.2 106.20990 −10.48313 12.783 0.032 11.899 0.038 11.298 0.027 10.779 0.023 10.194 0.021 7.714 0.027 5.532 0.050 II y
J070450.70−120914.8 106.21127 −12.15412 13.622 0.032 11.985 0.033 10.708 0.021 9.281 0.022 8.343 0.020 5.690 0.017 2.654 0.019 II b
J070451.27−112202.4 106.21367 −11.36736 10.534 0.023 10.174 0.024 9.721 0.019 8.556 0.022 7.801 0.020 6.217 0.016 5.518 0.049 II y
J070451.64−120930.2 106.21519 −12.15842 13.658 · · · 13.865 0.102 11.832 0.039 9.706 0.041 8.110 0.025 5.900 0.020 2.936 0.034 I b
J070452.29−111430.6 106.21790 −11.24185 12.720 0.023 11.834 0.024 11.285 0.023 10.608 0.023 10.185 0.021 7.794 0.026 5.387 0.047 II y
J070455.76−113417.6 106.23237 −11.57158 11.532 0.026 10.871 0.029 10.481 0.024 9.950 0.023 9.612 0.020 8.228 0.020 6.481 0.064 II y
YSOs in Canis Major 23
Table 1 — Continued
WISE ID Coordinates J σJ H σH K σK W1 σW1 W2 σW2 W3 σW3 W4 σW4 Class Code2
RA (deg) Dec (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J070456.17−105022.4 106.23406 −10.83956 17.423 · · · 15.042 · · · 14.202 0.120 11.717 0.024 9.556 0.019 7.289 0.029 3.218 0.023 I y
J070456.32−112933.3 106.23470 −11.49259 11.457 0.022 10.846 0.022 10.197 0.021 9.116 0.023 8.419 0.020 7.044 0.016 6.001 0.052 II y
J070456.70−121432.8 106.23627 −12.24246 14.060 0.027 12.939 0.029 12.341 0.021 11.470 0.024 11.004 0.035 8.477 0.027 6.354 0.068 II f
J070457.91−105229.6 106.24131 −10.87489 13.281 0.027 12.243 0.025 11.791 0.023 11.180 0.024 10.772 0.022 8.657 0.081 5.895 0.055 II y
J070458.05−121650.4 106.24188 −12.28069 · · · · · · · · · · · · · · · · · · 13.834 0.056 10.849 0.027 8.593 0.143 4.970 0.113 I b
J070500.02−104857.3 106.25009 −10.81594 14.105 0.032 12.821 0.027 12.158 0.021 11.513 0.024 10.942 0.024 9.612 0.239 8.010 0.447 II y
J070500.66−114838.5 106.25278 −11.81071 13.037 0.028 12.206 0.032 11.301 0.023 10.364 0.023 9.837 0.019 7.760 0.020 5.062 0.030 II y
J070500.76−123319.9 106.25318 −12.55553 12.310 0.024 12.021 0.023 11.728 0.023 11.125 0.024 10.642 0.021 9.471 0.044 8.363 0.466 II y
J070501.23−121903.6 106.25513 −12.31767 14.774 0.039 13.487 0.036 12.653 0.029 11.708 0.026 11.223 0.025 8.609 0.224 5.384 0.155 II f
J070502.47−104010.2 106.26030 −10.66951 13.287 0.035 12.133 0.032 11.390 0.029 10.615 0.023 10.118 0.022 8.535 0.039 7.721 0.218 II y
J070505.33−121445.1 106.27224 −12.24589 11.332 0.027 10.773 0.022 10.354 0.023 9.640 0.023 9.225 0.020 7.457 0.018 4.897 0.029 II y
J070505.81−105135.6 106.27422 −10.85991 13.891 0.027 12.804 0.032 12.197 0.027 11.657 0.026 11.090 0.022 7.909 0.037 5.343 0.067 II b
J070506.17−110621.0 106.27573 −11.10584 · · · · · · · · · · · · · · · · · · 13.959 0.074 11.998 0.035 7.627 0.035 3.018 0.020 I y
J070506.33−121536.4 106.27639 −12.26011 13.197 0.029 12.217 0.025 11.521 0.019 10.409 0.023 9.929 0.023 7.715 0.023 5.833 0.069 II y
J070506.92−105102.0 106.27884 −10.85057 15.179 0.060 13.833 0.046 13.180 0.044 11.735 0.025 11.166 0.021 8.684 0.217 6.300 0.139 II c
J070507.47−105449.3 106.28116 −10.91370 13.273 0.042 12.176 0.040 11.459 0.032 10.848 0.027 10.360 0.023 9.281 0.185 6.598 0.181 II b
J070507.49−105603.6 106.28121 −10.93434 · · · · · · · · · · · · · · · · · · 13.118 0.033 10.741 0.021 8.329 0.051 4.640 0.034 I y
J070508.18−110707.0 106.28409 −11.11864 14.822 0.050 13.646 0.045 12.939 0.034 11.596 0.025 11.012 0.025 7.855 0.033 5.021 0.051 II b
J070508.40−121047.2 106.28503 −12.17980 12.033 0.024 11.232 0.023 10.687 0.019 9.890 0.022 9.450 0.021 7.234 0.020 4.902 0.040 II y
J070510.97−110508.1 106.29574 −11.08559 13.696 0.032 12.168 0.027 10.964 0.024 9.669 0.023 8.271 0.019 5.067 0.017 2.508 0.023 I y
J070511.69−103952.3 106.29871 −10.66455 14.247 0.036 12.882 0.024 11.917 0.026 10.525 0.022 9.786 0.020 6.952 0.022 4.742 0.029 II b
J070511.70−110405.6 106.29877 −11.06824 14.760 0.036 13.211 0.027 12.638 0.030 12.074 0.029 11.273 0.023 8.123 0.033 3.632 0.027 II c
J070511.77−121624.0 106.29907 −12.27335 16.229 0.100 14.507 0.045 13.178 0.037 11.106 0.023 10.300 0.022 8.502 0.029 8.698 · · · II f
J070513.65−104015.5 106.30692 −10.67098 13.968 0.044 12.519 0.037 11.414 0.026 10.373 0.021 9.858 0.020 8.342 0.054 5.883 0.059 II y
J070513.86−122105.5 106.30778 −12.35153 13.592 0.027 12.679 0.025 12.055 0.023 12.072 0.143 11.365 0.129 8.065 · · · 4.200 0.142 II f
J070515.42−110455.9 106.31428 −11.08220 16.930 · · · 15.096 0.089 12.759 0.027 11.378 0.025 9.689 0.019 6.896 0.036 3.624 0.028 I f
J070515.62−104013.5 106.31508 −10.67042 14.414 0.053 13.245 0.060 12.627 0.046 11.232 0.021 10.618 0.020 9.416 0.098 6.369 0.082 II c
J070515.83−110505.5 106.31598 −11.08488 17.708 · · · 16.191 · · · 13.845 0.069 11.559 0.025 9.569 0.021 7.056 0.031 4.235 0.044 I f
J070516.10−110543.3 106.31710 −11.09537 14.547 0.047 13.132 0.025 12.346 0.032 11.355 0.023 10.505 0.020 8.441 0.069 4.635 0.029 II f
J070516.28−110030.7 106.31787 −11.00853 13.341 0.029 12.407 0.025 12.032 0.026 11.709 0.023 11.301 0.021 9.261 0.055 8.073 · · · II f
J070516.39−104018.7 106.31832 −10.67186 14.472 0.040 12.833 0.028 11.612 0.025 10.062 0.022 9.266 0.020 7.590 0.027 6.001 0.088 II y
J070516.85−111043.9 106.32023 −11.17886 12.153 0.037 10.846 0.036 9.806 0.029 8.141 0.022 7.232 0.019 5.052 0.017 2.628 0.024 II y
J070517.51−111018.0 106.32298 −11.17167 16.107 0.124 14.534 0.058 13.022 0.032 11.026 0.023 9.593 0.019 6.539 0.020 3.214 0.024 I y
J070517.58−105947.1 106.32328 −10.99644 · · · · · · · · · · · · · · · · · · 14.043 0.029 11.888 0.023 8.296 0.028 4.309 0.028 I y
J070517.67−110727.0 106.32364 −11.12419 16.915 · · · 15.248 0.098 12.558 0.034 9.630 0.023 8.249 0.019 5.773 0.017 3.603 0.027 I y
J070518.00−105622.6 106.32501 −10.93962 16.904 · · · 15.751 0.199 14.008 0.089 12.068 0.027 10.806 0.021 7.500 0.043 4.330 0.040 I y
J070518.50−121509.3 106.32709 −12.25260 13.489 0.044 12.384 0.041 11.574 0.027 10.709 0.023 10.005 0.022 8.328 0.074 6.415 0.073 II y
J070518.72−110238.6 106.32803 −11.04406 12.232 0.030 11.437 0.029 10.916 0.026 10.362 0.036 9.542 0.031 7.226 0.044 4.444 0.047 II b
J070519.15−111027.4 106.32980 −11.17430 15.305 0.061 13.255 0.039 12.022 0.030 10.815 0.023 9.579 0.019 7.467 0.041 5.081 0.042 II f
J070519.59−121731.4 106.33164 −12.29208 13.501 0.027 12.618 0.022 12.232 0.021 11.342 0.026 10.708 0.027 7.802 0.080 5.326 0.153 II f
J070520.06−121912.6 106.33360 −12.32017 11.955 0.024 11.230 0.023 10.681 0.021 9.786 0.022 9.460 0.022 6.820 0.037 3.559 0.022 II f
J070520.71−122142.2 106.33632 −12.36175 13.812 0.024 12.770 0.025 12.066 0.021 10.913 0.024 10.603 0.032 8.042 0.049 5.253 0.104 II f
J070520.83−104039.9 106.33680 −10.67776 13.848 0.029 12.890 0.026 12.319 0.027 11.580 0.025 11.034 0.022 8.180 0.063 5.881 0.077 II c
J070521.25−113447.7 106.33855 −11.57993 13.506 0.029 12.755 0.025 12.510 0.029 11.822 0.023 11.331 0.021 9.261 0.037 7.225 0.105 II y
J070521.54−110420.4 106.33979 −11.07235 12.632 0.030 11.985 0.033 11.463 · · · 10.973 0.022 10.601 0.020 8.827 0.107 7.092 0.361 II c
J070521.91−121907.1 106.34130 −12.31866 14.510 0.033 13.557 0.025 13.054 0.029 12.478 0.029 12.168 0.034 10.356 0.334 4.957 0.038 II f
J070523.57−101753.2 106.34824 −10.29814 16.873 0.215 14.874 0.065 13.747 0.051 11.841 0.023 10.489 0.020 7.556 0.025 4.849 0.029 I y
J070524.07−104336.8 106.35029 −10.72690 13.751 0.026 12.777 0.034 12.136 0.026 11.491 0.023 11.008 0.021 8.532 0.065 6.817 0.102 II y
J070525.57−105943.8 106.35655 −10.99552 12.433 0.026 11.568 0.027 11.304 0.027 10.560 0.019 10.036 0.016 7.971 0.022 5.744 0.042 II b
J070526.98−121902.9 106.36245 −12.31748 14.462 0.033 13.488 0.036 12.829 0.029 11.555 0.026 10.677 0.023 9.289 0.173 5.940 0.087 II f
J070528.75−110958.6 106.36979 −11.16630 13.433 0.026 12.595 0.025 12.111 0.024 11.299 0.024 10.929 0.020 8.852 0.120 6.433 0.223 II y
J070530.64−105909.9 106.37767 −10.98609 16.005 0.125 13.990 0.067 12.656 0.042 11.769 0.023 10.726 0.020 7.582 0.022 4.435 0.025 I b
J070532.04−103948.1 106.38351 −10.66338 14.403 0.033 13.394 0.036 12.759 0.040 11.883 0.027 11.147 0.023 9.075 0.201 7.052 0.493 II y
J070534.46−103827.5 106.39362 −10.64098 14.070 0.038 12.484 0.032 11.414 0.030 10.234 0.022 9.342 0.020 7.946 0.029 7.305 0.211 II c
J070537.60−103804.2 106.40671 −10.63451 14.490 0.041 13.554 0.035 12.915 0.035 11.957 0.025 11.106 0.023 8.909 0.057 7.356 0.156 II f
J070537.72−125223.1 106.40721 −12.87310 16.664 0.175 14.568 0.057 13.188 0.039 11.841 0.023 10.948 0.020 9.463 0.041 7.932 0.192 II f
J070539.96−125253.7 106.41652 −12.88160 14.372 0.046 13.012 0.025 12.065 0.024 11.144 0.023 10.266 0.020 7.716 0.017 4.298 0.026 II c
J070543.06−103746.5 106.42945 −10.62960 11.535 0.024 11.314 0.032 11.172 0.035 10.389 0.023 9.876 0.021 8.525 0.067 6.901 0.193 II f
J070543.67−075147.8 106.43198 −7.86329 14.226 0.029 13.367 0.028 12.513 0.025 11.375 0.023 10.704 0.020 8.033 0.021 6.112 0.049 II y
J070544.21−121850.2 106.43424 −12.31397 13.631 0.027 12.687 0.027 11.987 0.026 11.055 0.022 10.314 0.020 8.178 0.023 6.326 0.068 II y
J070545.28−111455.3 106.43868 −11.24871 13.691 0.030 12.857 0.032 12.338 0.026 10.864 0.023 10.133 0.019 8.193 0.044 6.459 0.087 II b
J070545.69−111514.0 106.44039 −11.25389 14.084 0.030 12.925 0.026 12.439 0.024 11.977 0.024 11.534 0.022 9.428 0.095 7.033 0.112 II b
J070546.70−104611.2 106.44460 −10.76978 14.986 0.049 13.439 0.036 12.533 0.027 11.189 0.022 10.419 0.021 8.031 0.034 5.934 0.062 II b
J070546.72−103724.7 106.44469 −10.62355 · · · · · · · · · · · · · · · · · · 13.525 0.038 10.221 0.027 7.077 0.031 3.480 0.038 I b
J070546.78−103802.0 106.44492 −10.63390 15.158 0.093 13.270 · · · 12.776 · · · 11.746 0.024 11.295 0.023 9.189 0.108 7.496 0.288 II f
J070547.24−122348.7 106.44686 −12.39688 11.462 0.026 10.877 0.022 10.242 0.019 9.495 0.023 8.925 0.021 6.023 0.015 3.959 0.024 II y
J070552.23−114651.6 106.46766 −11.78101 14.151 0.037 13.228 0.032 12.594 0.032 11.698 0.023 11.192 0.021 8.718 0.028 6.908 0.081 II y
J070553.42−103808.2 106.47260 −10.63562 13.014 0.038 12.059 0.039 11.697 0.040 11.247 0.030 10.811 0.027 8.077 0.035 6.040 0.106 II b
J070557.45−105823.9 106.48941 −10.97332 13.985 0.024 13.064 0.031 12.522 0.037 11.722 0.023 11.172 0.022 9.709 0.076 7.652 0.276 II y
J070557.92−121402.2 106.49134 −12.23395 14.031 0.029 13.070 0.033 12.555 0.026 11.591 0.023 11.019 0.020 9.129 0.034 6.946 0.081 II y
J070607.12−105850.5 106.52969 −10.98071 11.862 0.023 11.240 0.022 10.677 0.021 9.873 0.021 9.445 0.019 7.614 0.029 4.780 0.044 II y
J070607.67−112641.7 106.53198 −11.44494 11.685 0.026 10.945 0.026 10.126 0.023 9.661 0.023 9.176 0.019 7.268 0.018 4.238 0.025 II y
J070613.51−095837.9 106.55630 −9.97720 14.585 0.041 13.865 0.080 13.622 0.074 12.484 0.028 11.333 0.025 8.397 0.026 4.729 0.030 I b
J070614.53−111014.7 106.56054 −11.17076 14.644 0.046 13.322 0.048 12.555 0.038 11.445 0.023 10.658 0.021 9.030 0.041 7.663 0.233 II y
J070616.80−115324.5 106.57002 −11.89017 11.969 0.022 11.557 0.024 11.194 0.021 10.380 0.023 9.868 0.020 8.303 0.023 4.641 0.024 II y
J070620.66−122345.5 106.58611 −12.39597 14.078 0.037 13.221 0.048 12.792 0.035 11.930 0.023 11.560 0.022 9.316 0.034 7.317 0.117 II b
J070636.51−085950.9 106.65215 −8.99748 15.662 0.075 14.601 0.066 13.367 0.043 11.954 0.023 10.712 0.019 7.831 0.022 5.772 0.045 I y
J070645.31−124340.8 106.68883 −12.72801 12.367 0.023 11.730 0.022 11.123 0.021 10.259 0.023 9.656 0.020 8.065 0.020 5.049 0.033 II y
J070649.81−111913.3 106.70758 −11.32037 9.905 0.022 9.865 0.025 9.811 0.024 9.598 0.024 9.315 0.020 7.640 0.031 4.226 0.027 II y
J070653.58−123915.3 106.72326 −12.65426 14.150 0.036 13.310 0.042 12.811 0.029 11.777 0.023 11.247 0.022 9.518 0.041 7.957 0.216 II y
J070656.85−110939.4 106.73690 −11.16095 16.939 · · · 13.555 0.031 10.172 0.023 6.706 0.077 4.475 0.140 1.584 0.016 0.624 0.016 I y
J070700.94−111837.9 106.75395 −11.31054 14.678 0.036 13.572 0.026 12.971 0.033 11.946 0.024 11.277 0.021 8.199 0.036 5.536 0.040 II y
J070704.21−112112.3 106.76756 −11.35342 14.315 0.030 12.945 0.032 12.083 0.024 11.113 0.022 10.482 0.020 7.900 0.021 5.299 0.036 II f
J070705.84−071921.0 106.77436 −7.32251 15.106 0.065 13.930 0.048 12.927 0.041 11.732 0.023 10.563 0.021 7.682 0.021 5.175 0.034 I y
J070710.71−071750.8 106.79464 −7.29745 16.408 0.151 14.901 0.084 13.431 0.052 11.730 0.023 10.385 0.021 7.930 0.020 5.327 0.035 I y
J070711.09−111917.4 106.79623 −11.32150 15.515 0.057 14.152 0.047 13.126 0.041 11.789 0.027 10.794 0.022 8.810 0.045 6.247 0.085 II y
J070724.51−105501.4 106.85216 −10.91707 13.319 0.028 12.526 0.027 11.981 0.023 11.317 0.023 10.907 0.021 9.024 0.031 6.746 0.074 II y
J070724.82−094712.0 106.85344 −9.78669 · · · · · · · · · · · · · · · · · · 13.874 0.284 11.544 0.128 7.794 0.069 3.433 0.027 I n
J070725.05−094644.0 106.85439 −9.77891 16.801 · · · 16.290 0.240 13.539 0.060 11.278 0.023 9.250 0.020 6.188 0.014 1.411 0.011 I b
J070725.63−094659.7 106.85680 −9.78327 15.220 0.076 13.609 0.062 11.953 0.031 9.474 0.022 6.885 0.019 3.613 0.010 0.915 0.008 I y
J070726.50−102557.0 106.86046 −10.43252 12.251 0.024 11.650 0.028 11.102 0.025 10.325 0.023 9.804 0.020 8.007 0.024 5.541 0.040 II y
J070731.07−102015.0 106.87946 −10.33750 14.568 0.029 13.158 0.030 12.385 0.030 11.480 0.022 10.815 0.021 8.655 0.025 6.777 0.078 II y
J070733.02−095330.6 106.88762 −9.89184 14.675 0.041 13.046 0.033 12.055 0.029 11.096 0.024 10.374 0.020 8.091 0.021 5.414 0.036 II y
J070735.08−102638.2 106.89620 −10.44397 13.780 0.025 12.677 0.024 12.058 0.023 11.418 0.024 10.843 0.021 9.540 0.051 7.743 0.172 II y
J070736.33−095450.4 106.90138 −9.91403 14.107 0.031 13.000 0.025 12.391 0.021 11.819 0.025 11.171 0.022 9.983 0.066 8.333 0.382 II y
J070741.85−102525.8 106.92438 −10.42384 15.110 0.050 13.721 0.032 12.764 0.030 11.913 0.023 11.326 0.022 10.257 0.071 8.567 0.354 II y
J070750.55−102254.7 106.96063 −10.38188 14.161 0.036 13.220 0.032 12.591 0.034 11.662 0.023 11.115 0.022 9.374 0.042 7.454 0.156 II y
J070753.94−101634.2 106.97478 −10.27619 13.019 0.029 12.394 0.028 12.085 0.029 11.311 0.023 10.719 0.021 8.543 0.033 7.131 0.089 II y
J070757.57−102405.6 106.98990 −10.40157 13.853 0.032 12.972 0.033 12.446 0.029 11.611 0.022 10.978 0.021 8.914 0.034 7.615 0.154 II y
J070801.11−102427.5 107.00465 −10.40767 15.346 · · · 14.292 · · · 14.500 0.146 11.993 0.022 11.107 0.019 9.242 0.044 7.433 0.122 II y
J070801.41−102646.6 107.00590 −10.44630 15.271 0.058 13.040 0.052 11.670 0.041 10.056 0.021 9.032 0.019 7.460 0.023 5.088 0.035 II y
J070804.26−102705.0 107.01779 −10.45139 18.249 · · · 16.771 · · · 14.414 0.095 12.054 0.021 9.764 0.020 7.702 0.024 4.436 0.031 I b
J070805.13−115953.1 107.02141 −11.99809 12.178 0.026 11.330 0.026 10.748 0.024 9.932 0.022 9.480 0.021 7.155 0.026 4.811 0.039 II y
J070805.19−102753.2 107.02166 −10.46478 · · · · · · · · · · · · · · · · · · 12.851 0.077 10.277 0.025 7.208 0.021 3.476 0.022 I y
J070806.04−102736.2 107.02520 −10.46007 14.886 0.036 13.209 0.027 12.027 0.027 10.752 0.023 9.891 0.021 7.671 0.023 4.994 0.035 II c
J070806.51−110801.3 107.02715 −11.13370 14.711 0.064 13.624 0.065 12.794 0.037 11.645 0.022 11.051 0.020 9.392 0.038 7.582 0.157 II y
J070807.98−102743.9 107.03327 −10.46221 15.518 0.068 13.533 0.029 12.540 0.033 11.624 0.022 10.856 0.021 8.988 0.041 7.229 0.130 II f
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Table 1 — Continued
WISE ID Coordinates J σJ H σH K σK W1 σW1 W2 σW2 W3 σW3 W4 σW4 Class Code2
RA (deg) Dec (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J070808.44−102646.0 107.03518 −10.44612 14.663 0.037 13.061 0.027 12.064 0.026 11.085 0.022 10.333 0.021 8.407 0.024 6.378 0.067 II y
J070809.14−102743.8 107.03809 −10.46218 15.177 0.050 13.614 0.038 12.585 0.037 11.890 0.023 11.086 0.022 9.266 0.049 6.465 0.066 II y
J070810.47−102720.3 107.04363 −10.45567 16.019 · · · 14.324 0.112 13.039 0.062 11.314 0.022 10.419 0.021 8.317 0.028 5.938 0.057 II b
J070813.06−095902.9 107.05442 −9.98416 15.380 0.059 13.901 0.045 12.884 0.039 11.689 0.024 10.882 0.021 9.398 0.039 7.416 0.136 II y
J070815.36−102829.8 107.06402 −10.47496 16.043 0.093 13.980 0.038 12.915 0.039 11.910 0.022 10.845 0.021 8.990 0.043 6.934 0.083 II b
J070815.40−095902.9 107.06419 −9.98415 17.687 · · · 15.277 · · · 13.603 0.069 11.347 0.023 9.772 0.019 7.163 0.014 4.488 0.028 I y
J070818.24−102933.9 107.07604 −10.49276 12.950 0.024 11.854 0.031 11.267 0.021 10.448 0.021 9.825 0.020 7.728 0.021 5.917 0.050 II y
J070820.18−103311.1 107.08410 −10.55310 15.872 · · · 16.061 · · · 14.862 0.151 12.396 0.027 10.336 0.021 7.113 0.021 4.242 0.027 I y
J070821.05−085430.8 107.08773 −8.90858 13.283 0.028 12.283 0.027 11.683 0.024 10.542 0.023 9.672 0.019 7.108 0.017 5.013 0.034 II y
J070821.29−094557.3 107.08871 −9.76593 13.410 0.028 12.681 0.035 12.107 0.024 11.056 0.022 10.283 0.021 7.295 0.017 5.474 0.037 II y
J070822.75−102916.3 107.09482 −10.48787 · · · · · · · · · · · · · · · · · · 13.301 0.040 10.963 0.023 8.525 0.042 4.169 0.027 I b
J070823.47−102915.0 107.09782 −10.48752 · · · · · · · · · · · · · · · · · · 13.172 0.040 10.555 0.037 7.727 0.034 3.819 0.043 I b
J070830.99−103129.5 107.12916 −10.52488 16.493 · · · 14.709 0.075 12.323 0.035 10.591 0.022 9.084 0.020 6.606 0.018 3.859 0.024 I y
J070831.20−103549.9 107.13001 −10.59720 16.052 0.089 13.630 0.029 12.261 0.026 11.056 0.024 10.066 0.022 8.203 0.074 4.799 0.044 II c
J070835.75−103529.5 107.14897 −10.59155 15.041 0.041 13.537 0.025 12.495 0.024 11.586 0.032 10.873 0.028 8.511 0.046 6.319 0.281 II c
J070840.63−102124.5 107.16931 −10.35681 12.165 0.027 11.142 0.025 10.197 0.019 8.880 0.022 7.826 0.019 4.195 0.014 2.117 0.019 I y
J070841.05−103548.6 107.17106 −10.59684 17.314 · · · 15.821 · · · 14.711 0.117 10.443 0.022 9.230 0.021 6.841 0.018 4.718 0.031 I y
J070843.73−103650.9 107.18222 −10.61416 · · · · · · · · · · · · · · · · · · 14.372 0.030 11.478 0.022 8.874 0.047 4.915 0.034 I b
J070844.34−103702.6 107.18479 −10.61739 · · · · · · · · · · · · · · · · · · 13.945 0.048 11.365 0.024 8.441 0.037 4.907 0.032 I b
J070844.47−104443.6 107.18533 −10.74545 13.357 0.027 12.410 0.023 11.867 0.026 11.379 0.022 10.673 0.020 8.443 0.025 6.357 0.052 II y
J070845.55−103650.5 107.18981 −10.61405 18.135 · · · 16.042 0.177 14.090 0.077 13.003 0.023 11.342 0.022 9.194 0.062 4.670 0.029 I b
J070846.66−103654.1 107.19445 −10.61504 16.395 · · · 13.884 0.074 11.652 0.029 10.152 0.022 8.444 0.020 5.995 0.015 3.437 0.019 I b
J070856.28−102910.4 107.23454 −10.48623 · · · · · · · · · · · · · · · · · · 12.363 0.038 9.775 0.024 6.763 0.016 2.374 0.015 I b
J070857.81−102906.5 107.24088 −10.48514 17.246 · · · 15.687 0.131 14.478 0.107 13.520 0.043 12.588 0.031 10.717 0.166 4.541 0.033 II c
J070908.66−102611.7 107.28610 −10.43661 14.976 0.048 13.600 0.040 12.449 0.034 11.707 0.023 10.674 0.019 8.191 0.024 4.319 0.037 II y
J070908.72−104455.8 107.28635 −10.74885 16.149 · · · 15.168 0.104 13.969 0.071 11.067 0.022 8.801 0.021 5.799 0.015 2.766 0.021 I y
J070912.43−102819.9 107.30181 −10.47220 17.611 · · · 16.362 0.234 13.822 0.062 11.213 0.021 9.337 0.019 6.330 0.015 3.397 0.019 I y
J070913.52−102820.8 107.30634 −10.47246 16.622 0.149 14.007 0.035 12.435 0.032 11.302 0.023 10.220 0.020 8.251 0.024 4.967 0.041 II c
J070915.90−102740.7 107.31628 −10.46132 16.174 · · · 15.247 0.101 13.256 0.046 11.188 0.022 9.353 0.018 6.600 0.014 3.929 0.025 I y
J070915.91−103124.6 107.31631 −10.52353 16.220 0.125 14.163 0.065 12.658 0.046 11.416 0.022 10.193 0.020 7.264 0.017 4.554 0.028 I y
J070917.22−102721.5 107.32178 −10.45600 16.809 · · · 15.359 0.105 13.054 0.027 11.212 0.024 9.627 0.020 7.487 0.019 4.833 0.030 I y
J070917.49−104831.1 107.32290 −10.80866 15.511 0.070 14.052 0.037 12.627 0.033 11.242 0.022 9.722 0.020 7.198 0.018 4.534 0.028 I y
J070918.70−132555.8 107.32792 −13.43219 14.050 0.025 12.670 0.025 11.626 0.023 10.448 0.023 9.831 0.020 8.139 0.021 5.966 0.043 II y
J070920.60−105439.6 107.33586 −10.91101 13.010 0.026 12.015 0.021 11.392 0.024 10.858 0.022 10.439 0.020 8.330 0.021 6.284 0.063 II y
J070920.64−103133.8 107.33601 −10.52608 13.263 0.026 12.182 0.037 11.714 0.029 10.134 0.022 9.238 0.020 6.861 0.017 4.816 0.036 II f
J070920.64−102817.4 107.33603 −10.47153 17.699 · · · 15.647 0.149 13.292 0.043 11.942 0.029 10.438 0.021 8.370 0.030 5.211 0.033 I b
J070921.39−102934.2 107.33916 −10.49285 13.044 0.027 11.631 0.024 10.516 0.021 9.074 0.020 8.045 0.017 4.954 0.014 2.837 0.018 I y
J070923.27−102747.4 107.34696 −10.46317 18.267 · · · 15.823 · · · 14.063 0.076 12.320 0.025 10.052 0.015 7.245 0.017 3.821 0.022 I y
J070923.42−102818.8 107.34758 −10.47192 · · · · · · · · · · · · · · · · · · 14.640 0.098 10.958 0.072 8.556 0.074 4.296 0.031 I b
J070924.77−102534.0 107.35321 −10.42612 16.718 · · · 15.123 · · · 13.855 0.071 12.026 0.021 10.660 0.018 7.717 0.019 4.807 0.025 I y
J070925.83−102844.2 107.35764 −10.47897 15.533 0.065 13.330 0.035 11.936 0.034 10.706 0.038 9.752 0.036 7.709 0.034 5.225 0.046 II y
J070925.85−102907.7 107.35773 −10.48547 18.230 · · · 15.641 0.129 13.656 0.059 11.795 0.025 10.101 0.022 7.632 0.021 4.320 0.033 I y
J070926.56−102700.8 107.36068 −10.45024 18.257 · · · 17.133 · · · 14.213 0.086 12.304 0.025 10.056 0.020 7.151 0.019 4.675 0.027 I y
J070927.40−102921.0 107.36418 −10.48917 16.241 0.105 15.445 0.102 14.658 · · · 13.803 0.225 11.853 0.125 7.738 0.062 3.069 0.027 I b
J070927.71−102922.3 107.36546 −10.48954 16.241 0.105 15.445 0.102 14.658 · · · 13.456 0.029 11.159 0.023 8.687 0.035 3.246 0.028 I b
J070927.89−121215.9 107.36622 −12.20444 11.890 0.023 11.315 0.027 10.690 0.025 9.839 0.022 9.332 0.020 7.267 0.019 4.368 0.025 II y
J070934.76−122727.2 107.39485 −12.45758 12.302 0.023 12.265 0.030 12.135 0.029 11.743 0.023 11.167 0.021 9.598 0.042 8.609 0.347 II y
J070935.05−105554.1 107.39606 −10.93171 11.861 0.028 10.820 0.029 10.125 0.021 8.786 0.023 8.079 0.021 6.464 0.015 4.559 0.026 II y
J070945.46−102842.6 107.43944 −10.47851 17.560 · · · 15.896 · · · 14.428 0.105 11.892 0.023 9.941 0.020 6.334 0.015 2.252 0.015 I y
J070948.70−102910.6 107.45294 −10.48629 · · · · · · · · · · · · · · · · · · 13.123 0.024 10.454 0.020 8.266 0.025 4.669 0.028 I y
J070949.19−084221.7 107.45498 −8.70604 12.089 0.022 11.889 0.022 11.554 0.023 10.650 0.022 9.896 0.020 8.289 0.021 6.844 0.101 II y
J070953.95−103000.5 107.47483 −10.50016 13.899 0.032 12.159 0.028 11.048 0.026 9.879 0.022 9.099 0.019 7.301 0.018 4.856 0.027 II y
J070957.43−103300.7 107.48932 −10.55021 18.272 · · · 15.268 0.103 13.228 0.044 11.532 0.022 10.270 0.019 8.163 0.021 6.225 0.049 II y
J070957.52−103127.1 107.48969 −10.52421 · · · · · · · · · · · · · · · · · · 18.565 0.543 13.796 0.040 10.362 0.075 4.269 0.025 I y
J071000.41−120424.2 107.50174 −12.07339 13.387 0.028 12.615 0.023 12.167 0.023 11.436 0.023 10.998 0.020 8.796 0.029 6.817 0.081 II y
J071003.24−103142.2 107.51354 −10.52840 17.184 · · · 15.611 0.131 13.838 0.061 11.710 0.022 10.077 0.019 7.426 0.018 4.632 0.027 I y
J071004.69−103211.4 107.51956 −10.53653 15.576 0.065 14.785 0.068 14.509 0.107 12.818 0.024 10.970 0.022 8.160 0.024 4.473 0.027 I c
J071004.80−113236.6 107.52004 −11.54351 13.212 0.028 12.204 0.030 11.725 0.026 11.029 0.023 10.445 0.021 8.724 0.028 7.454 0.122 II y
J071006.22−103140.2 107.52593 −10.52784 · · · · · · · · · · · · · · · · · · 13.866 0.030 11.652 0.020 9.623 0.051 3.900 0.014 I c
J071007.01−103245.3 107.52924 −10.54593 · · · · · · · · · · · · · · · · · · 13.211 0.064 11.111 0.023 8.151 0.023 4.771 0.027 I y
J071008.10−103348.6 107.53379 −10.56351 · · · · · · · · · · · · · · · · · · 14.061 0.029 11.039 0.021 6.556 0.015 3.584 0.022 I y
J071012.84−103213.0 107.55351 −10.53694 15.945 0.094 12.785 0.034 11.349 0.026 10.437 0.021 9.563 0.021 8.135 0.023 4.739 0.030 II b
J071014.35−103218.4 107.55982 −10.53847 17.588 · · · 17.409 · · · 14.718 0.143 11.904 0.023 9.882 0.020 7.419 0.017 4.475 0.027 I y
J071018.38−103532.8 107.57661 −10.59245 14.369 0.040 12.981 0.030 12.299 0.026 11.735 0.022 11.006 0.019 8.520 0.022 6.459 0.071 II y
J071021.91−103447.7 107.59131 −10.57994 17.802 · · · 15.924 · · · 13.227 0.038 10.371 0.023 8.603 0.019 6.249 0.015 3.594 0.019 I y
J071022.88−103424.9 107.59534 −10.57359 16.323 · · · 14.279 0.049 12.673 0.032 11.434 0.023 9.934 0.019 7.170 0.017 4.464 0.026 I y
J071023.74−103327.1 107.59895 −10.55755 14.905 0.044 13.618 0.040 13.054 0.052 11.905 0.023 10.790 0.020 9.062 0.032 5.688 0.046 II f
J071024.73−103339.7 107.60307 −10.56105 · · · · · · · · · · · · · · · · · · 12.283 0.033 10.310 0.021 7.522 0.019 4.119 0.025 I b
J071024.84−103247.7 107.60354 −10.54659 16.050 · · · 14.925 0.122 13.394 0.061 11.728 0.024 10.319 0.018 7.821 0.020 5.533 0.041 I b
J071025.08−103313.6 107.60453 −10.55379 13.766 0.033 12.612 0.042 12.111 0.040 11.284 0.022 10.813 0.020 9.671 0.046 5.614 0.046 II f
J071026.64−103250.4 107.61103 −10.54734 15.517 0.056 13.092 0.024 11.517 0.026 9.960 0.022 8.956 0.018 6.917 0.015 4.911 0.029 II y
J071029.61−103322.2 107.62339 −10.55617 18.242 · · · 15.892 0.156 14.095 0.080 12.347 0.027 10.197 0.021 7.565 0.018 4.107 0.025 I y
J071030.35−103337.6 107.62646 −10.56047 18.071 · · · 16.797 · · · 14.640 0.121 12.777 0.023 10.642 0.020 7.719 0.018 4.452 0.026 I y
J071117.18−082515.4 107.82161 −8.42096 14.696 0.058 12.825 0.049 11.275 0.034 9.835 0.025 8.998 0.022 6.526 0.016 3.690 0.023 II b
J071118.18−082521.2 107.82579 −8.42258 13.137 0.024 12.375 0.025 11.790 0.026 10.741 0.024 10.038 0.021 7.422 0.019 4.425 0.031 II b
J071119.28−111837.7 107.83036 −11.31048 12.709 0.024 11.963 0.022 11.533 0.027 11.168 0.022 10.732 0.019 7.987 0.020 6.038 0.055 II y
J071158.75−113712.5 107.99482 −11.62016 12.409 · · · 12.178 0.051 11.411 · · · 10.587 0.023 10.123 0.020 7.698 0.019 5.036 0.029 II y
J071159.85−114735.7 107.99939 −11.79326 13.879 0.026 12.379 0.021 11.270 0.019 9.554 0.020 8.689 0.018 6.377 0.014 3.986 0.022 II y
J071200.43−114748.8 108.00179 −11.79691 13.270 0.033 12.235 0.037 11.855 0.030 11.036 0.023 10.581 0.020 8.854 0.029 5.539 0.044 II c
J071222.96−111625.1 108.09567 −11.27364 13.772 0.032 12.821 0.029 12.084 0.029 10.942 0.022 10.011 0.020 7.027 0.018 4.374 0.024 II f
J071226.41−074833.3 108.11005 −7.80928 14.423 0.048 13.143 0.048 12.363 0.033 11.021 0.023 10.443 0.020 8.703 0.032 6.262 0.057 II b
J071228.64−074525.2 108.11934 −7.75702 14.293 0.036 12.757 0.023 11.390 0.024 10.139 0.023 8.943 0.020 6.833 0.016 4.422 0.024 II y
J071232.51−130018.3 108.13547 −13.00511 15.956 0.101 14.679 0.086 13.520 0.054 11.965 0.023 10.955 0.022 7.663 0.018 5.086 0.035 I y
J071233.24−111708.9 108.13850 −11.28582 13.289 0.029 12.475 0.027 12.024 0.024 11.352 0.023 10.999 0.022 8.604 0.027 6.623 0.066 II y
J071249.15−074250.6 108.20479 −7.71407 · · · · · · · · · · · · · · · · · · 13.576 0.056 12.368 0.032 9.502 0.039 4.826 0.037 I b
J071305.11−111724.2 108.27130 −11.29007 15.673 0.096 13.664 0.040 12.490 0.033 11.468 0.049 10.553 0.046 7.805 0.038 5.187 0.038 II y
J071305.69−073811.1 108.27373 −7.63642 17.737 · · · 16.328 0.173 14.228 0.081 12.634 0.023 10.694 0.021 7.590 0.019 4.948 0.025 I y
J071306.61−111803.8 108.27757 −11.30107 14.160 0.053 12.846 0.053 12.085 0.044 10.870 0.023 10.283 0.021 8.537 0.034 6.224 0.068 II y
J071307.01−081634.4 108.27923 −8.27622 13.492 0.030 12.806 0.026 12.222 0.027 11.527 0.024 11.028 0.020 8.709 0.027 5.394 0.034 II y
J071311.39−082330.9 108.29749 −8.39193 14.036 0.032 12.035 0.027 10.462 0.023 9.065 0.020 8.248 0.018 5.809 0.012 3.814 0.021 II y
J071314.76−082545.4 108.31150 −8.42929 13.829 0.024 13.030 0.023 12.271 0.024 11.902 0.023 11.452 0.024 9.145 0.041 6.281 0.055 II y
J071316.48−114957.7 108.31869 −11.83272 13.738 0.024 12.371 0.025 11.313 0.023 10.382 0.023 9.546 0.020 7.315 0.017 4.896 0.027 II y
J071317.25−113903.5 108.32188 −11.65098 13.535 0.024 12.542 0.024 12.107 0.025 11.822 0.023 11.522 0.022 9.747 0.044 8.254 0.271 II y
J071329.33−121558.7 108.37223 −12.26632 13.952 0.032 12.834 0.029 12.285 0.027 11.531 0.021 11.063 0.019 8.726 0.027 5.967 0.046 II f
J071330.94−121639.9 108.37892 −12.27775 · · · · · · · · · · · · · · · · · · 16.520 0.220 14.350 0.130 11.643 · · · 4.063 0.026 I c
J071331.04−121706.2 108.37937 −12.28506 17.246 · · · 15.474 0.138 14.084 0.072 12.960 0.022 12.130 0.021 10.449 0.084 3.960 0.006 II c
J071332.94−121624.6 108.38727 −12.27353 15.008 0.052 13.174 0.033 12.012 0.024 10.810 0.022 9.765 0.019 7.702 0.020 5.091 0.031 II f
J071335.87−121933.4 108.39949 −12.32597 17.695 · · · 14.680 0.067 13.127 0.038 11.851 0.023 10.768 0.020 8.326 0.021 5.975 0.048 II b
J071349.38−070421.0 108.45577 −7.07250 12.506 0.030 12.322 0.022 12.140 0.024 11.690 0.022 11.211 0.022 9.659 0.043 8.404 · · · II y
J071349.71−120634.6 108.45713 −12.10963 15.866 0.077 13.658 0.032 12.152 0.019 11.348 0.023 10.428 0.019 7.952 0.019 5.127 0.033 II c
J071350.08−121149.1 108.45867 −12.19698 17.302 · · · 14.726 0.060 13.290 0.041 11.785 0.024 10.665 0.020 8.355 0.023 5.956 0.046 II y
J071351.78−113251.9 108.46575 −11.54776 13.462 0.029 12.764 0.022 12.180 0.023 11.965 0.023 11.597 0.022 10.412 0.094 8.803 0.412 II c
J071353.30−121212.5 108.47211 −12.20349 17.557 · · · 14.692 0.057 13.003 0.036 11.645 0.024 10.364 0.020 7.749 0.019 4.808 0.031 I y
J071405.53−114528.9 108.52307 −11.75804 14.258 0.029 13.195 0.023 12.501 0.024 11.752 0.023 11.281 0.021 9.684 0.045 7.860 0.168 II y
J071408.60−120719.6 108.53587 −12.12212 16.420 0.116 14.552 0.054 13.123 0.043 11.554 0.023 10.614 0.020 8.697 0.026 6.787 0.077 II y
J071412.44−115751.7 108.55186 −11.96439 15.239 0.050 13.887 0.037 12.942 0.034 11.398 0.024 10.611 0.021 8.486 0.027 6.414 0.070 II y
J071412.54−120715.3 108.55227 −12.12093 13.872 0.038 12.651 0.040 11.988 0.037 11.243 0.023 10.539 0.020 7.657 0.018 5.632 0.050 II b
YSOs in Canis Major 25
Table 1 — Continued
WISE ID Coordinates J σJ H σH K σK W1 σW1 W2 σW2 W3 σW3 W4 σW4 Class Code2
RA (deg) Dec (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J071413.33−115236.0 108.55558 −11.87669 15.628 · · · 14.888 0.068 13.134 0.058 11.620 0.035 10.504 0.035 8.187 0.044 5.707 0.068 II b
J071413.47−115229.9 108.55615 −11.87499 14.444 0.066 12.881 0.049 11.825 0.043 10.975 0.026 9.825 0.026 6.990 0.019 4.605 0.030 I b
J071414.19−120144.8 108.55913 −12.02913 13.995 0.032 12.757 0.026 11.942 0.019 11.315 0.022 10.746 0.020 8.482 0.026 6.320 0.059 II y
J071414.53−115607.5 108.56055 −11.93543 14.870 0.045 13.278 0.024 12.338 0.019 11.579 0.023 10.963 0.022 8.774 0.028 6.970 0.105 II y
J071417.66−120130.1 108.57359 −12.02503 · · · · · · · · · · · · · · · · · · 13.356 0.029 11.032 0.021 7.849 0.020 4.769 0.032 I b
J071418.48−121538.7 108.57700 −12.26078 14.897 0.060 13.203 0.048 12.087 0.037 10.324 0.043 8.857 0.039 5.788 0.026 2.503 0.015 I b
J071418.81−121528.7 108.57841 −12.25799 9.757 0.032 8.609 0.049 8.104 0.020 7.433 0.028 6.776 0.019 4.867 0.015 1.949 0.020 II b
J071419.39−120319.1 108.58082 −12.05531 13.387 0.030 12.109 0.026 11.293 0.023 10.320 0.023 9.665 0.020 7.512 0.020 5.739 0.047 II y
J071419.76−121810.1 108.58236 −12.30283 14.371 0.038 13.149 0.026 12.239 0.023 11.217 0.023 10.574 0.020 8.377 0.023 6.279 0.058 II y
J071419.80−121423.5 108.58250 −12.23987 13.997 0.036 12.602 0.029 11.767 0.023 10.812 0.023 10.117 0.019 8.011 0.022 5.096 0.033 II y
J071425.14−115427.3 108.60477 −11.90761 15.017 0.039 13.736 0.030 12.918 0.036 11.769 0.023 11.204 0.022 9.964 0.061 8.382 0.284 II c
J071426.60−115820.3 108.61085 −11.97232 13.018 0.027 11.860 0.026 11.204 0.024 10.019 0.022 9.115 0.019 7.176 0.017 5.418 0.036 II b
J071426.80−133142.0 108.61169 −13.52834 15.648 0.090 13.693 0.050 11.971 0.030 10.497 0.023 9.350 0.020 6.088 0.014 3.631 0.017 I y
J071427.43−120655.4 108.61432 −12.11542 15.670 0.083 13.901 0.054 12.687 0.038 11.451 0.023 10.606 0.020 8.480 0.027 5.449 0.035 II f
J071427.54−115846.0 108.61477 −11.97947 13.722 0.031 12.584 0.024 12.074 0.024 11.388 0.022 10.688 0.020 8.475 0.023 6.484 0.082 II b
J071429.40−115856.9 108.62251 −11.98248 14.212 0.040 13.022 0.036 12.344 0.033 11.451 0.022 10.916 0.020 8.967 0.034 6.261 0.064 II y
J071431.22−112927.1 108.63009 −11.49087 11.180 0.034 10.679 0.036 10.271 0.030 9.688 0.029 9.098 0.024 6.912 0.021 5.549 0.059 II b
J071442.18−115940.5 108.67575 −11.99460 13.410 0.023 12.764 0.032 12.210 0.027 10.942 0.022 10.378 0.020 8.254 0.024 4.833 0.030 II y
J071450.43−114801.7 108.71014 −11.80048 16.902 · · · 15.531 · · · 14.202 0.095 11.410 0.022 10.028 0.020 7.320 0.017 4.712 0.028 I y
J071605.15−122903.4 109.02150 −12.48429 11.992 0.029 11.503 0.025 11.079 0.021 10.131 0.023 9.628 0.020 7.329 0.017 4.560 0.026 II y
J071606.26−065941.1 109.02611 −6.99478 14.790 0.051 13.685 0.044 12.730 0.035 11.802 0.023 11.120 0.021 8.186 0.022 5.437 0.034 II y
J071623.53−092534.3 109.09806 −9.42621 16.626 · · · 15.398 0.123 14.277 0.092 12.795 0.041 11.600 0.033 8.089 0.089 4.978 0.080 I c
J071626.86−092528.9 109.11192 −9.42472 16.557 0.159 14.882 0.101 13.417 0.050 11.473 0.032 10.523 0.027 6.645 0.050 4.023 0.063 I b
J071631.58−092435.0 109.13160 −9.40973 14.558 0.030 13.373 0.033 12.674 0.029 12.238 0.041 11.032 0.031 7.986 0.132 4.349 0.043 I c
J071640.22−092639.6 109.16761 −9.44436 · · · · · · · · · · · · · · · · · · 13.847 0.047 11.992 0.027 9.122 0.169 4.170 0.028 I f
J071651.69−094250.6 109.21540 −9.71407 16.126 0.117 14.720 0.056 13.785 0.052 11.882 0.022 11.276 0.020 8.859 0.027 6.761 0.072 II y
J071812.90−121410.3 109.55378 −12.23620 15.025 0.050 14.061 0.048 12.984 0.041 10.902 0.023 9.844 0.019 7.138 0.017 4.699 0.029 II y
J071836.54−114916.0 109.65225 −11.82112 12.411 0.023 12.231 0.023 12.110 0.027 11.915 0.023 11.642 0.023 10.240 0.067 8.086 0.205 II y
J071849.51−085218.0 109.70633 −8.87169 14.385 0.026 13.779 0.022 13.011 0.033 11.863 0.023 11.415 0.023 9.491 0.037 7.828 0.174 II b
J071933.71−101951.6 109.89046 −10.33100 12.385 0.024 12.121 0.022 11.857 0.024 11.211 0.023 10.708 0.021 8.852 0.027 6.646 0.077 II y
J072015.05−140717.6 110.06275 −14.12157 12.615 0.023 12.517 0.028 12.297 0.030 11.627 0.020 11.179 0.020 9.521 0.041 7.866 0.142 II c
J072015.62−123719.4 110.06510 −12.62207 12.586 0.023 12.233 0.024 11.733 0.024 10.908 0.024 10.280 0.021 8.959 0.030 7.818 0.149 II y
J072029.44−114601.2 110.12267 −11.76702 15.877 0.094 14.236 0.047 12.786 0.038 11.255 0.022 10.470 0.019 8.240 0.020 6.725 0.088 II y
J072043.87−124326.3 110.18282 −12.72398 13.796 0.029 12.933 0.025 12.201 0.033 11.300 0.023 10.544 0.019 7.448 0.017 5.537 0.040 II y
J072049.95−135134.2 110.20815 −13.85951 14.143 0.041 14.000 0.057 13.601 0.056 11.901 0.023 10.818 0.021 7.236 0.016 5.556 0.047 I y
J072058.65−112041.7 110.24440 −11.34494 14.204 0.029 13.161 0.025 12.385 0.024 11.700 0.023 11.003 0.019 9.357 0.036 7.217 0.096 II y
J072104.75−142440.0 110.26979 −14.41113 9.320 0.028 9.128 0.023 8.810 0.023 8.008 0.023 7.287 0.019 5.212 0.015 4.030 0.028 II y
J072115.88−150835.4 110.31617 −15.14317 13.873 0.040 12.653 0.041 11.552 0.026 10.204 0.023 9.294 0.019 7.097 0.016 5.498 0.036 II y
J072123.97−111650.1 110.34990 −11.28059 14.079 0.027 13.089 0.026 12.442 0.027 11.786 0.023 11.045 0.021 8.667 0.027 6.461 0.066 II y
J072136.51−150743.1 110.40213 −15.12864 14.171 0.035 13.401 0.032 12.532 0.030 11.206 0.023 10.473 0.020 7.827 0.018 6.015 0.050 II y
J072146.35−154417.7 110.44315 −15.73827 12.249 0.026 11.841 0.028 11.458 0.026 10.822 0.022 10.510 0.022 8.491 0.028 5.734 0.043 II f
J072148.62−154354.3 110.45261 −15.73176 11.865 0.024 11.470 0.025 11.076 0.025 10.404 0.023 10.024 0.022 7.353 0.026 4.971 0.039 II c
J072259.82−153740.1 110.74929 −15.62782 14.659 0.051 13.065 0.027 12.057 0.029 11.031 0.023 10.231 0.021 8.220 0.020 5.761 0.041 II y
J072304.69−144217.4 110.76958 −14.70485 14.500 0.043 13.491 0.042 12.589 0.033 10.753 0.022 9.827 0.019 6.778 0.016 4.674 0.038 I f
J072307.13−145438.4 110.77974 −14.91069 · · · · · · · · · · · · · · · · · · 12.797 0.030 11.439 0.025 7.533 0.026 4.919 0.038 I c
J072307.60−145426.4 110.78168 −14.90735 · · · · · · · · · · · · · · · · · · 13.054 0.029 11.269 0.022 8.010 0.034 4.687 0.030 I c
J072356.67−124013.9 110.98613 −12.67054 14.334 0.032 13.315 0.033 12.335 0.029 10.818 0.022 9.988 0.020 8.158 0.020 7.168 0.102 II b
J072443.19−093812.9 111.17996 −9.63692 15.909 0.099 14.953 0.074 13.693 0.054 11.837 0.023 10.687 0.020 7.906 0.020 5.705 0.040 I y
J072454.91−160811.0 111.22879 −16.13640 16.658 0.158 15.274 0.114 13.930 0.068 12.491 0.027 11.632 0.024 7.953 0.057 4.408 0.032 I y
J072525.39−153610.5 111.35580 −15.60293 15.475 0.082 14.217 0.066 13.267 0.063 11.823 0.022 10.816 0.021 8.060 0.023 5.680 0.040 II y
J072629.80−152818.0 111.62419 −15.47167 · · · · · · · · · · · · · · · · · · 11.678 0.023 10.675 0.020 7.916 0.022 5.515 0.045 II y
J072636.84−153020.7 111.65351 −15.50577 · · · · · · · · · · · · · · · · · · 11.527 0.024 10.375 0.019 7.855 0.021 4.045 0.028 I y
1
Cases with an entry for the magnitude and no entry for the uncertainty are upper limits.
2 Quality code from visual inspection: yes; binary; faint; contaminated; n
